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t,_ SIMULATION OF SEDIMENT DEPOSIT 
IN OPEN CHANNELS 
Abstr::.1.ct 
TSAN-WEN WANG 
Under the supervision of Professor Fred F. M. Chang 
In this study, two mathematical mod.els have been developed to 
simulate sec lment deposition in open-channel flow; a model based on 
three characteristic equations and a model based on two c�aracteristic 
equations. A set of three partial differential equations for one 
d.irr.(msional transient flow with homogeneous- densj ty was :provided. t,0 
explain the mechanics of the phenomenon. By the method of character­
istics, three partial differential equations were transformed into 
a set of three ordinary differential equations or a set of two o dinary 
differential equations by siupl'i.fication in which the chantse of sedi­
ment layer thicknGss with respect to distance was assumed to be negli-
gible. 
In this investigation, Engelund-Hansen formula and Einstein-Bro�m 
equation have been chosen as the working equations for sediment trans­
port. 
With the aid of a digital computer, the sediment deposit in the 
Missouri R1.ver hotween the Oahe Dam and the Big Bend Dam in South 
Dakota was studied a.s a mmerical example to acquire the computation 
procedures. The computer tlme used for 1,he model based on three 
characteristic 0quations is more than that used for-the model based on 
two characteristic equations and hence the latter model is employed to 
compute the sediment deposit for clear water and non-clear water re-
leases from the Oahe Dam with discharges 1,020 CMS and 1,586 CMS in the 
thirty and sixty day time periods. 
The results obtained by using the Einstein-Brown equation with 
both clear water and non-clear water release cases showed only that 
depositions in the reach had occurred, The results obtained by using 
the Engelund-Hansen equation with non-clear water release from the 
Oahe Dam also showed that sediments were deposited in the study reach. 
The results computed by using the Engelund-Hansen equation with clear 
water release showed scour in the reach between the Oahe Dam and the 
mouth of the Bad River, but showed deposit in the rest of the reach, 
This phenomena was also noticed in the field observation, Therefore, 
it is possible to state that the Engelund-Hansen equation with clear 
water release from the Oahe Dam provides a close simulation to the 
actual case. 
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A series of dams are us ally constructed along a river to store 
and regulate ater to satisfy the demand of consu.rners' ultimate use , 
The construction of dams causes changes in the characteristics of flow 
and the sediment-transport capacity of the ri er. The river bed' below 
the dam degrades due to the release of clear water which has capacity 
to erode the river bed, and the river bed in the headwater of a reser­
voir aggradates due to the back water effect which deposits suspended 
sediment. Tributaries carrying large amounts of sediment often deposit 
it at the junction of the main river and cause the aggradation of the 
river bed. 
'l'he river bed degradation below dams may expose the foundation and 
endanger the structures. The sediment removed from the bed is then 
carried downstream and deposited. As the sediment is deposited, the 
flow area of the waterway is reduced, This may create the possibility 
of flooding. Tributaries carrying a large amount of sediment will 
accelerate the reservoir sedimentation and impair or destroy the storage 
capacity. 
Therefore, prediction of river bed configuration is essential, and 
the rate of r::i.ver bed change must be studied in advance. By doing so, 
hydraulic engineers can develop greater confidence i? their ability to 
cope with the design and construction of river rectification and stream 
and res rroir control works. 
Because of the complex physical phenom0na and the complicated 
flow characteristics in natural rlve:cs, the knowledge about the mechan­
ics of sediment transport is limited. Complete joint consideration of 
both water an sediment motions is particularly difficult. Previous 
investigations (8,9,12,13,14,24) obtained the practical solutions for 
the problem based on either the fixed bed unsteady flow mode or the 
steady flow with nsteady sediment movement model. With thi� impli­
fication, the solution obtained by the method of characteristjcs con­
tained a family of two characteristic equations. Later, Hsu and Ch 1 
(11) obtained the solution which contained a family of three character­
istic equations by solving a set of equations. This set contains the 
equation of continuity for sediment, the equation of continuity for 
water, the equation of motion, and the Velikanov equation (3,22) of 
sediment concentration. However, to carry out lts calculation is 
somewhat difficult, therefore, only a graphical solution was given by 
Hsu and. Chu. 
These equations have been extended by Chang (3) and Richards (4, 
18) to include the lateral inflow of sediment and water to deal with 
more general cases. In their study, three basic equations have been 
reduced to two differential equations by assUFLjng that the change in 
bed slope due to.sediment transport in a short period is negligible. 
With these two differential equations, the solution that contained a 
family of two characteristic equations was obtained by using the char­
acteristic method. An electronic computer program has been developed 
to compute a numerical example,· and the results fit reasonably lell 
with thor--e obtaine by Hsu and Chu. An attempt has alBo been ade by 
Tsai (21) t0 establish an electronic computer prog:-::-am to ascociate 
2 
three characteristic equations in the problem of river estuaries. 
In this thesis, studies were made to investigate sediment 
depositions, and to develop practical methods to predict the change 
3 
of riverbed and water surface configurations in � movable river bed 
system. For this, a proper sediment transport formula is essential. 
Since the sediment transport is a function of flow characteristics and 
river geometry, formulas may differ from river to river and from place 
to place, In lieu of using the Velikanov equation, a general sediment 
concentration equation is adopted. A solution for the model based. on 
three characteristic equations and a solution for the model based on 
two characteristic equations are obtained. A specific solution for the 
model based on three characteristic equations with the use of simply 
power sedi�ent transport equation was presented. An associated FORTRAN 
IV computer prograrn was developed for the numerical computation. A 
specific solution for the model based on two characteristic equations 
with the use of simple power sediment equation was also obtained. An 
associated FORTRAN IV computer program was also presented for the nu­
merical computation, 
-! 
. - -� ............. � ............._ _  .......... - �,.,____ ........... �- -
4 
Chapter II 
THEORETICAL CONSIDEHATIONS  
Fundamental equations describing the mechanics of  the unsteady 
movable bed open-channel flow are presented in this chapter. In deriv­
ing the fundamental equations , the following assumptions are made. 
(a) The variations of flow velocity and sediment concentration 
in any cross section are neglected and only the average 
values are used. 
(b) The density of the sediment-laden water is substantially 
homogeneous. 
(c) Hydrostatic pressure prevails at any section in the channel. 
(d) The channel is a wide rectangular cross-section , and is 
assumed to be sufficiently straight in the reach to permit 
a one-dimensional mathematical representation . 
( e) The friction resistance coefficient which is used for un­
steady flow is assumed to be the same as that for steady flow 
and, hence, can be approximated from i1anning's equation (5) 
(f) The sediment particle is _uniform. 
(g) The bed form change due to the effect of bed load is neglect-
ed. 
Under these assumptions, the equation of continuity for sediment, 
the equation of continuity for sediment-laden water, and the equ2,tion 
of motion of sediment are expressed , respectively, as follows i 
:t(bh) + ! t(bz) + :x(vbh) - qm = O 
2 
c1 ( P  bh) + �/ c_;, v2bh) + �( P bh ) � t  .> mv d x' -' m  a x  -> mg� 
dz  � Z  + o gbh(- + -) + b-C0 = 0 .>m a x  o x  
5 
( 1) 
( 2 ) 
( 3) 
in which t and x are two independent variables and stand for the time 
and the distance along the longitudinal direction of the reach , respec­
tively ; v, h, z , and c are the unknor-1T1 variables to be solved and stand 
for the mean velocity , the mean depth of flow, the thickness of sediment 
layer, and the concentration of sediment, respectively; b is the channel 
width; p is the volume of sediment in a unit volume of sediment layer ; 
q
5 
and qm are the lateral discharges of sediment and sediment-laden 
water per unit length of channel ; J m is the density of the sediment­
laden water ; g is the gravitational acceleration ; Z is the elevation 
of original bed from an arbitrary datum; and 1: 0 is the boundary shear 
stress . The definition sketch is shown in Figure 1 .  
The above two equations of continuity and one equation of motion 
are not sufficient for the solution of four unknowns v ,  h, z, and c .  
A general expression of sediment concentration is give� as follows 
c = c(v , h) ( 4) 
In order to obtain a general idea of the computation , this general form 
is u. ed throughout the next chapter . Several working equations which 
express the sediment transport capacity are also desc�ibed in the 
6 
V: � qm • ts + ,w -=-






FIGURE 1.  DEFINITION SKETCH OF FLOW 
followJ. ng chapter . Differentiating equation 4 with respect to x and 




a t  
<J V  
� c  7.:> V  + � ?h = -- ·--
cN "D X  d h  ;, x  
= � . c) v + �? h a v  at  <>h  a t 
cJ V � h  
=o<. vx + (3 hx (4a) 
=ex vt + �  ht (4b) 
·d h � c  
7 
in which VX = - V-t = --o x  d t  hx = o x  ' ht ::: --d t  , o( =
'?J C 
7:JV , 
and (3 = 'c;) h • 
The density 0f sediment-laden water, y ,  can be expressed in 
m 
terms of the density of sediment, f , the density of water, J , 
s w 
and the sediment concentration, c, The expression is given as 
f = ( 1- C )  f -� C CJ = � + ( '3 - '3 ) C m w Js w s w ( 5) 
D ifferentiating equation 5 with respect to x and t and using the 
expressions of equations 4a and 4b gives 
0 J'n, = ( s..) - g ) � =- c,I. ( t - j' w ) Vx + (3 ( -t - Sw ) h X a> x  :s 1-v d x  
c) f )">'\ _ r P _ P \ � = o<. ( f. - � w )  Vt + f-, ( � - �.., ) h--t a:r-- \· ).5 ,J)-.t) a t  � 
where the values 5:s and Jw are considered constant throughout the ana­
lysis , 
The boundary shear may be expressed as 
l'o = J,,.-, · -f .  Y I  V I  
g 
( I, ) 
In equation 6, the absolute value sign has been introduced to indicate 
that 4 has the same direction as v. The friction factor, f, by using 
Manning' s equation , can be expressed as 
8 
f DI ( 6a) 
where nr is Manning' s  roughness coefficient . 
Chapter III 
SOLUTIONS BY CHARA.CTERIS'fIC METHOD 
The equatlons governing the unsteady movable bed open-channel 
flow are solved in this chapter . The two equations of continuity, one 
equation of motion , and one equation of sediment tran port capacity, 
form a set of partial differential equations for the solution of four 
unknowns . Although a general solution is not available , the method ·of 
characteristics is used to transform the partial differential eq uations 
into particular total differential equations which are then solved by 
a first order finite difference technique . The method of specified 
time interval was adopted in order to obtain an orderly numerical solu­
tion on the digital computer . 
9 
The solutions of the model based on three characteristic equations 
and the model based on two characteristic equations are pres0nted in the 
following sect1.ons . 
1 . The :Mod.el Based on Three Characteristic Equations 
a. CharacterisU.c Equations. By substituting equations 4a , 4b , 
5a , and 5b into equations 1, 2 ,  and 3, the following partial differen­
tial equations result s 
J i = o(�vt + ( he 
+
p
o1.vh ) vx + (f3 h ; c ) ht, + (
vc +p(3
vh ) hx 
( he  z ) vh 4s 0 pb + b bt + !)b bx + Zt - po = ( 7) 
10 
J2 = hvx + ht + vhx + (
h ; z) bt + #bx + Zt - �
m = 0 (8) 
J = v + [ v + o<
gh (fs - �w) ] + ( +
pgh ( �s - Sw)
]h ) t 2 �m 
VX g --Z- f m X 
+ gz - .:y__ (P�s + (1 - p) �w ) - � ( Pj>s 
+ (1 - p)gw
]
b 
X h 3m Zt bh <sm 
t 
. clb 'o) z 
in which bx = � •  Zt = 'a! ' 
� z  
• • • • • • ' io = - a x '  
-co and if = f mgh • 
The governing equations, equations 7 ,  8, and 9 are three simulta­
neous quasi-linear partial differential equations of the first order 
in terms of three dependent variables, velocity, depth of flow, and 
sediment layer thickness, and two independent _variables , distance 
along the reach and time. The equations are converted into six ordi­
nary differential equations by the method of characteristics. 
A linear combination of these equations using two unknown multi­
pliers lJ.>
1 
and lp2 leads to 
J = ti' 1 J 1 + \\' 2J 2 + J 3 
( � -R  ] ( otJh _( fs- fw)
+
hc + o< vh iu + h «f ) v 
= f + -
,, 
- tf. '4_ + V + 2 f..,.. 'P T, 2 X 
11 
= 0  · ( I O) 
If v = v( x ,  t) , h = h(x,t) , and z = z(x , t) are solutions to equa­
tions 7 ,  8, and 9, then from calculus 
dv _ dx + v dh _ h dx + h dz _ z dx + d t -v X d t t






X d t - Zt • (
11) 
By examination of equation 10 ,  with equation 11 in mind , it can be 
noted that equation 10 becomes the oroinary differential equation. 
( 12 )  
provided that the following relation exists 
d x  A = 'Ji = 
� h +c 4' + lf 1,> I 2 
12 
( 13) 
Solving eq_uation 13, two multipliers 4', and �"2 can be obtained 
as 
in which C_. = 
Substituting eq_uations 14 and 15  into the eq_uality of eq_uation 13 
that has not been used, one obtains 
--- - ··-- - I  � f -8 h -t C ex V c� J 3 
1=> 1' 
( 1 4) 
( I b ) 




( l 'l) 
Equation 17 is the charateristic aquation in a form of third order , 
From the equation,  three roots of A., , 1 , \,_ , and �3 , representing 
slopes of three characteristic curves C1, C2, and C3 may be found. 
Rewriting equation 12 as 
d · d h d D � + E -' -. + F _:. = i ( �c - �f ) - Q - R 
d -t- d t d t  
in this equation 
2 7 4 3 0 1 
( i 9 )  
Then combining the solutions obtained from equation 17 with equation 
18 and by grouping the results with the corresponding equation 13, 
three pairs of equations identified as C1 , C� , and C3 are obtained ,., 
d V d h d z q_ ( • - ;__j> ) - Q - R 0 - + E -.-. + "F - == (l l.:  ,..,.2 .2 2 2 dt 2 d t  2 clt 
c\ X  = � 2  J -t  
Da �� + E3!� + f� �: = i ( 1-� - Lf�) - &3- R3 
d X :=: /\.3 
d t  
( 20) 
(2 1) 





In above equations, the subscripts are used to designate where the 
values � 1 , ),... 2 , and l".3 are used for A .  Equation 20 is valid only if 
equation 21 is satisfied, equation 22 is valid only if equation 2 3 is 
satisfied , and equation 24 is valid only if equation 25  is satisfied , 
These characteristic equations can be conveniently solved numeri­
cally on the digital computer .  Every solution of this set will be a 
solution of the original system given by equations 7, 8 ,  and 9, 
b .  Fin �te Difference Equations ( 20) c The characteristic equations 
are of a form that can be conveniently transformed to first-order finite 
difference equations, The dependent variables , v, h ,  and z can then be 
solved numerically from these difference equations. 
15 
Referring to Figure 2, consider the values of v, h, z, x, and t 
known at points 1, 2, and 3. The three characteristic c urves c1, C2, 
and c3, passing through points 1, 2, and 3, intersect at point P where 
conditions are unknown. Using the finite difference form between points 
P and 1 for equations 20 and 21, between points P and 2 for equations 
22  and 23, and between points P and 3 for equations 24 and 25 the fell­
owing equations result. 
D1 ( vp - v1 ) + E1 ( hp - h1 ) + F1 ( zp - z1 ) 
= r g( io - if 1 ) - Q1 -
Ri )  ( tp - t1 ) 
(xp - x1 )  - �1 ( tp - t1 ) = 0 
�2 ( vp - v2 ) + E2(hp - h2) + F2(zp - z2 ) 
= ( g( i o - if 2) - Qz 
- Rz J ( tP - tz) 
( xp - x2) - � 2 ( tp - t2) = o 
n3( vp - - v3) + EJ(hp - h)) + F3(zp - z3) 
= [ g( i o - if 3) - Q 3 - R 3 ) ( tp - t3) 







In the above equations, the subscripts are used to define the location of 
the known or unknown quantity. 
Two common ways are used to obtain a numerical solution ( 15) by 
using these equations in finite difference form. They are specified 
t 
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tiffie intervals and the grid of characteristics . The method of specified 
time intervals is used for this analysis. The solution can be simplified 
if the time increment .o.t is taken to be equal in the t-direction, such that 
and the length incr0rnent & is taken to be equal in the x-d:trection . A lim­
itation must be recognized in the selection of AX and .&t . To be assured 
of stability and/or convergence of the solution it is necessary that 
(32) 
c .  L inear Interpolation. Since xp and tp are assigned definite 
values throughout the computation , the· method of specified time inter­
vals offers some advantage in this problem . This leaves only three un­
knowns vp, hp t and Zp to be determined. From equations 27, 29, and 31, 
noting xp = xc, t1 = t2 = t3 � tc ; x1 , x2, and x3can be evaluated , as 
x1 = x - A 1 ( t - t1 ) p .... p (33) 
(34) 
(35) 
With conditions known at A, B, and C, Figure 2, the velocity, depth , 
and thickness of sed_ment layer can be evaluated at points 1, 2, and 3 
by a linear interpolation . From Figure 2, 
( 36 ) 
By the use of equations 2 7 and 36, recognizing that xp = x0, and 
Vl 
= Ve - >-..1 (ve - vA) e 
h1 = he - A1( hc - hA) 0 
zl :::: Ze - �l (ze - zA) e 
Similarly, interpolated values are obtained for v2, h2, z2, v3 , 
V2 = VC - A 2( vc 
-
vA) e 
h2 = he - A2 (hc - hA) e 
z2 = ZC - >.2 ( zc - zA) e 
V
3 
= Ve - , 3 ( Ve - vB) e 
h3 = he - }\3(hc - �) e 
z3 
= ZC - �/ zc - � )  e 
In these equations 0 is the grid mesh ratio. 
e = At A x 
( 37) 











With an interpolated grid it is necessary that twelve equations be 
solved in turn to find vp, hp, and zp for any interior point . They are 
equations 37 to 45, and equations 26, 28,  and 30  in the following form . 
(s1F2 -·  s2F1 ) (E2F3 - E3F2 ) - ( s2F3 - S:f2 ) (E1F2 - E2F1 ) vp 
= (D1F2 - D2F1 )(�2F3 - E3F2) - (D2F3 - Dj,2)(E1F2 - E2F1 ) 
(47) 
h _ ( s, F2 - SzF, )- ( D, F2 - D2 f, ) \/p 
p - ( E 1 F2 - t, F, ) 
( 48) 
In which 
S, = [ � ( �0 - \1 ) - Q, - RJ ( tp - t1 ) + D1v, -t £,  h 1 4- f, z,  
S:z. = t lt 1 0 - A-1) - Q.2 - RJ (� - t.>.)  + D� ".i. -t E.2. h1. + F2 Z 2  
S:,= ( d' (A.() - \a) - &3 - R3] Ctr - t3) + D3 "3 4- E� h3 -+ r3 Z3 
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(' 50) 
With equations 47, 48, and 49, the computation can proceed as 
follows a First initial values of v, h, and z will be given at· all sec­
tions for the current time line, then using equations 47 , 48 ,  and 49, 
v, h, and z can be evaluated at all interior sections for the advanced 
time line . To compute the values of v, h, and z at the end sections 
of the reach, appropriate boundary conditions must be introduced . 
At the left end boundary of the reach only one of the characteris­
tic equations, Figure 3 ( a), is available in the three unknowns vp, hp, 
and zp, two auxiliary equations must be given to specify vp, hp, Zp ,  
or some relations between them so that three equations in three unknowns 
are available . 
At the right end boundary of the reach, two characteristic equa-
tions, Figure 3 ( b) , are available in the three unknowns vp, hp, and zp, 
and hence, one additional boundary condition must be specified so that 
three equations in three unknowns are available . 
The computations can then be carried out as far as desired. 
2. The Model Based on Two Characteristic Equations 
a. Characteristic Equations. The two characteristic equations, 
not including the smaller terms, are organized for solution on the 
computer in this section . 
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With the assumptions that :�>> :� , or :� �o ,  and ;� � o ,  the 
a z  term q X  may be removed from equation J .  In  this way, three basic equa-
tions may be reduced to two differential equations. 
By substituting equations 2, 4a , 4b, 5a, and 5b into equations 1 
and 3, two partial differential equations result 
0( b b C Pb ) ( i> C ts b ? b ) ; L ,  =.- -"v'4 + ( V +o<. b - v  "x + V h  + v  - Vh 1t 
b c , Pb ) h ) b + P im 'h _ 0 - 4- ( 7t + (3 b - h  x
+ ( c - p ,
( 
� - v h  -
v o< h gs - 5'w :1 ( ft )  h 
L 2 = �· Vt + [ 'i- ( I + C,.) + 2 ( f'..., ) J V x. + } h -; 
r 
c)t "� (3 h ( 9.s; - .fw ) + 1 ) h _ v c\ i"" + _y__ _ �1,\1 • i_ + 't h  + 2 :fn, x <J- b h } b h f;,,, rn 
{5 1 )  
. v t - .fw ) q ( C v:z. h ) z . To 
-r 'j-v h  ( fm �s + '  � b -t Z b  bx + "' + ih fm = O ( 52 )  
Equations 51 and 52 form a pair of quasi-linear differential equa­
tions of the first order. Two independent variables x and t and two 
dependent variables v and h are included in these equations . By the char­
acteristic metho�, equations 51 a.nd 52 can be converted into two pairs 
of ordinary differential equations. 
Combining equations 51 and 52 using the unknown multiplier t ,  
yields 
L = L1 + �L2 
- (o( b . cp )  \I + (c � + c,( b - � )  + ct> [-� ( ' +  {\ )  + o{ h ( r.s - Sw )}' V ... V + '"f vt Y y � -,._ 2 rin . . ) X 
+[(e� + �
b 
- �� ) + ip �?] � 
+� + t1b - � ) t � f 7t+ j3zh ( 5's ;:w ) + l }) hx 
+ ({ c _ f> )  bx + f � � is ] 
+ 4>(- J�h l 5's ;:w ) (  ri .. - ij ) f ( ; t + ;b ) � + z. + i:°s..,J 
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= 0 (S3) 
If 
then equation 53 becomes the ordinary differential equation , 
In these equations , 
N� = (3 h + c - f ,  
-p Z-itt - 'b:s  
� -=- l c -f ) bx + v h and .J 
( 54) 
(55) 
In this case the multiplier ¢> takes the values 
in which 
At= 
b� t--1.,. Nx:- ex b2. � 
v1. h v h  
R*-
V (!� Q:Jt H-v-
� h  
b C. � 1:G*N* o<. b  H� 
s�= <J- h  t- v h  V 
The four characteristic equations ares 
( o< b  �) d " + ( b 4 + <P.
V 4, ) � + E  + � E = O 
V + � d t  " h  I i h  d t  * ' * 
d x  
d t  






Since v = v( x , t) , the C+ and C_  characteristic curves described by 
equations 60 and 62 appear as curved lines on the x- t  plane, Figure 4 .  
b. Finite Difference Equations . Referring to Flgure 4 ,  consider 
the values v, h, x and t known at points R and s .  The two characteris­
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point P where conditions are unknown . Using the finite difference 
form between points P and R for equations 59 and 60 and between points 
P and S for equations 61 and 62 the equations become : 
( 1,3 ) 
In  the above equations ,  the subscripts denote the point in Figure 4 to 
which each quantity is referred, and it is assumed that 
etc . 
/ 
because of the sufficiently short distances AC and CB. 
c. Linear Interpolation. In equations 63 to 66 , the values v, 
h, and x at points R and S are unknown. From equations 64 and 67, no­
ting xp = Xe •  tR = tc :::  t8, xR and x8 can be evaluated. With v and h 
known at points A, B ,  and C, the values of these variables can be eval­
uated at points R and S by a linear interpolation. 
Solving equations 63 and 65 simultaneously, vp and hp are obtained 
as 
in which At = +p - -t i< = tr - ts 
('� b  <{,, 
J A , = + -'} C. ') 131= [ � +  � J V '3- c. 
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} 
A == ( b � + <Ji v41 
J... V h  I � h  C > 
[ b N* � V c,. l 
B2.-= vh + 4 µ- l ( 'j D )  
., <:. 
j A 3 � L F*4'1 J c , and t33 "' ( F+ cl>:J, 
With eg_ ua·t.ions 68 and 69, the computations can proceed as follows : 
First initial values of · v  and h will be given at all points for the 
current time line , then using equations 68 and 69, v and h can be 
evaluated at all interior points for the advanced time line. To com­
pute the values of v and h at both boundaries, appropriate boundary 
conditions must be introduced . 
At either end of a reach only one of the characteristic equations 
63 or 6 5, Figure 5, is available in the two unknowns Vp and hp • Equa­
tion 65  applies for the left-end boundary, Figure 5 ( a) ,  and equation 63 
is valid for the right-end boundary, Figure 5 ( b) . An auxiliary equation 
is needed in each case that specifies vp, hp or some relation between 
them so that two equations in two unknowns are available. When hp is 
obtainable from the given boundary condition , vp can be found by rewrit­
ing equation 6 5  as 
Alternatively, hp can be obtained from equation 65 as 
when vp is obtainable. 
For the right-end boundary , when hp is given as the boundary 
condition , vp can be obtained by rewriting equation 63 as 
Alternatively, 




d. Estimation of Sediment Layer Thickness . and Adjustment of Bed 
Slope. The estimation of the thickness of sediment layer is followed 
after v and h have been obtained. By transforming equation 1 into the 
corresponding finite difference equation , z can be given as 
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in which the subscripts i and j stand for the number of steps in distance 
and time, respectively . From known values of v, h, and z at t = tj, 
and the computed values of v and h at t = tj1 1, the quantity of z at 
t = tj+i can be obtained directly from equation 75 . 
When the values v, h, and z at t = tj+t are obtained at every 
station in the reach , the thickness of sediment layer which is estima­
ted from equation 75  is added to the previous bed elevation to find a 
new bed elevation and a new slope for each following step. The bed. 
slope is computed by equation 76. 
This new slope is then used to estimate the values of v, h, and z for 
the advanced successive step in time . 
Chapter IV 
WORKING EQUATIONS 
1.  Equations for Sediment Concentration 
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In the previous chapters, considerations have been given to the 
general approach of computation and the equation for sediment concen­
tration is expressed as a function of x and t. There are many sediment 
transport equations that can be used as the working equation. Some 
that are frequently used are listed herein& 
a. Simple Power. The simple power form of sediment concentration 
can be expressed as 
and 
� c  me o/.. = -- = --
k 




in which K = gw, k is the coefficient of sediment-transport capacity , 
w is the average fall velocity of sediment, and m and n are exponential 
constants. Velikanov (8,9) gives m = 3 and n = -1, Albertson and 
Gerde (1, 3) indicate that m = 3 and n = -2. When simplified from 
Engelund-Hansen' s sediment transport equation ( 2 ) gives 
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m = 4 (79) 
n = -3/2 
in which b'� and � are specific weight of the water and the sediment 
respectively, d is the diameter of sediment particle. Einstein-Brown' s 
expression (16 ) gives 
in which 
m = 5 
n = -2 
( 80) 
( 8 1 )  
ss is  specific gravity of sediment and p- is  the kinematic viscosity of 
water. 
b. Kalinske-Brown. The Kalinske-Brown's sediment transport equa-
tion (14 , 19 ) can be written as 
(82) 
is the friction velocity, . and v*c is the critical friction velocity. 
( cf J b )  
JO 
when K2 = 10, r = 2 are used, equations 8Ja and 8Jb become 
c .  Shield. From Shield' s sediment transport equation ( 17) , c, r:,1,) 
and � can be expressed as follows 
t o  n; 
i � ) :2 h- 4-/3 C - ------- ( v - V. V 
· - ( ( 5-s - I ) d -1£- 1fc ( 85 )  
d. Vollmers-Pernecker. From the equation proposed by Vollmers 
and Pernecker . ( 2J ) , c, o1. and � can be obtained as 
( 8 1) 
There are many other sediment transport equati�ns that can be 
used. In order to obtain the best results , it is necessary to study 
the actual data collected in the field to obtain sufficient information 
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for determining· the working equation e 
2 .  Working Equations for the - Model Base on Three Characteristic Egu2 tions 
In  this section, the simple power equ�tion was selected as the 
working equation . By using equations 77, 78a, and 78b and neglecting 
� b  8 4 the term, it •  in the analysis , equations 7, , 9, 10, 12, 13, 1 ,  15, 
and 17  can be written, respectively, as follow : 
m c h 
-p V 
-J 4, Ji + 4'2-J 2. + _J 3 
0 
( 
. _ n + t  [ m ""-I . nt I 
m "'" 1 . '\J 7 = \ + t� ey;,1 1 h 41,J Vt -+ v ·t 2 A V  h + ( t'Yl t \ ) B V h �1 + h  �"x 
+ (cn + 1 ) 6 v"' fi" 41 + 'P2.] hie +  [ \I- + ;  A v
"'h + ( n+ r ) B v '"
+1 
h 4', -t- v 4',..) h K 
+ (- v � + 4', + '1>2.] .-zt + � Zx - j l -le - .\.f ) 
rh B y m+ l h 1'+
' 
V h . J 
+ [ 2 b + b If, + 17 •l\ bx 
· V ( �..s 'l-.s - .fw ( is - b",,,,) J - 'fs , I-. _ tm ,h 
-t b h , .9� pb 't\ b •2. 0 
( -n -+ I ) B v m+I hn 4' ,  + i + �  A ym hn -+- V 'P2 
( 'YH- l ) 6 vm h" '-P, 1- lJJ2 
l\'
2 
= -{ - -{}- A V "" h" + ( A -v l t  n-+ I )  B v,.. h n ( � + -f )  
( A - V ) ( ( 1"\ + ( ) B v m h n - I ] 
r,,+\ n 
J 2. -+ e�v h ( :i.. n, - n ) ).. 
· -\- (  v m h {  B � l m- n + t ) + � fl } 
+ y-> { (n+-I ) _B v'" I{' - I }  1 I T  � A v"-.-2 h n� 1 J -t- ( n - Yl'l )  5 � V >,, + 2  h h 
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( 1 2*) 
( } 5*) 
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in above equations, A 
equation 16. 
0 
= /s ( � - �v ) 
w S',,., 
\ I rr�) 
B = ___:!!,_ and C* is as defined in 
} w  p 
, 
No changes are needed for equations 1 8 to 50 except those 
expressions in equation 19 . They are 
1'11 - l  h•H . 
D = I -+ t11 B V h 4>, 
£ = ( r) + I )  B vm h �. + 4'2 
F = - � Ci'- + 4'c + 4J 2 
'J- h  B V rn-t I h n+I , V h 11 ,  J O b 
G. = ( 2 b  + b 'P, + b 't'z c> )( 
The equations presented in this chapter are used to write a 
FORTRAN IV computer program for the computation of unsteady flow in a 
natural river . An IBM J60 Computer was used to execute the program . 
The program is �iven in Appendix I.  A list of the FORTRAN notations 
used in the program and their equivalent notations is given in Appen­
dix II. 
J . Working Equations for the Model Based on Two Characteristic Equations 
The simple power form was also chosen as the working equation in the 
model based, on two characteristic equations. The simplified expressions 
corresponding to each equation from equations 51 to 67 are as follow : 
L m be b · ( (. l m + l ) - r) b ( C ( h + \ ) - f ) I =- � '4 + " Yx + v h ht 
+ � ( c ( �+ \ )- 1') hx + t c: - t> )  bx + v'h ( f 't-rn - g s ) -= 0 ( 5 /1f") 
L = _, V + (� ( l -t ½f.) + tn h c  ( �s - iw )J V + v� h 2 � t } 2 v \ �n x 'J-- h 1-
+ ( v'i.C, + n c  c· fs - Sw ) J _ ½ V i,n �-� · j 
}h 2 f m + l hx j b h + . 'J, b h 5'� m 
\I I Ss -�Vv ) i ( C. " l. h . "to + 'tb h ' f"" s + 'J- b + :z b ) b)( + z x + �\-\ f ttt == O 
L = L ,  + ct, L2 
= [ rn :�c + : h + ( \Mi. + ¢ { ; + vi + � ( g,, ;:w � m/ } )vi. 
-+ ( ��* + �:<P J � + ( b:* + <f {  ;t + nt ( J:; ;;w ) + l J )  h x  
+ E� + ¢ F� = 0 
d x  b H� + � �  - V 
d* - � + � 
v
1 't 
( t"l'\bc + _!_J d v ( b N-,.. + "' � vJ d h + E + 4> E = 0  � 'J- dt + v h 't' th �t * * 
B+ = - }�h ( fs ;;'"' ) l 1"/ -.., - b,s )  
V h I g.s - Yw ) l"-1 C. � = T ( i + c* > � T \. ½\'1 V 
= � v1. -+ � ( .f5 - Yw ) + I H* th 2. .f� 
�= l�t l ) C.  - -p 
(5 3�)  
t-J� ( t1 -+ ' ) C - f' 
E - ( C - h )  b + 1' irn - is an d. � r x v h ' 
c� v2. n -co F*= B++ ( '}b t 2b ) b)( + 2 x + ;}h f.., 
� " � H,c. �= } h - T 




Equations 68 and 69 remain the same, while equation 70 is modi­
fied as 
Equations 71 to 76 remain unchanged except equation 75. Equation 
75 is modified as 
z1,1  .. , = 'Z..t, } - + ( k f ( v'" h ..... ) L,}+1 - ( V "' h n-t l) � �} 
-±1. i+, - t:i.. .;. [ � ( vm -\-1 hn+ \ ) ,� ,  .. - ( V tn+t ht);- ' ) · .. 
+ _., ·,Jg t< ..A, ,  ir 
- ,,._.) , b · b� � 
'X ;,� 1  - IX ;,_  
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A . FORTRAN IV computer program which associates with these equations 
has also been presented . An IBM 360 computer was used to execute the 
program. The program is given in Appendix III. A list of the FORTRAN 
notations used in the program and their equivalent names from the text 
and descriptions are also given in Appendix IV . 
Chapter V 
NUMERICAL COMPUTATION AND ANALYSIS OF RESULTS 
The reach between the Oahe Dam and the Big Bend Dam in the Missouri 
River in South Dakota was chosen for the study. The location of the 
reach is shown in Figure 6. The computations were executed based on 
the combination of the following conditions. They are (a) clear water 
and non-clear water releases from the Oahe Dam, (b) the model based on 
three characteristic equations and the model based on two characteristic 
equations, (c) Engelund-Hansen and Einstein-Brown equations, and (d) 
discharges of 1, 020 CMS and l, _586 CMS constantly flowing in the time 
periods of eight hours, thirty days and sixty days. A list of the 
computed cases for the studied reach is presented in Table I.  
1. Definition of the Problem 
The numerical data used in this study are based on A.  S, Harrison ' s  
investigation (10) . The characteristics of the channel, of the fluid, 
and of the sediment are as follows s Manning' s roughness coefficient 
nr = 0. 018, for effective discharge 1, 020 CMS (Missouri River 8 50 CMS 
and Bad River 170 CMS) ; nr = 0 , 020, for effective discharge 1, 586 CMS 
(Missouri River 1, 416 CMS and Bad River 170 CMS) ; the slope of the 
��i..-- ,STA TIO N !?'if 
if--
�( -,.,�-
'11" n, 'O y: 
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Case Type of Flow Released 
from the Oahe Dam 
1 clear water 
2 non-clear water 
3 clear water 
4 non-clear water 
5 clear water 
6 non-clear water 
7 -clear water 
8 non-clear water 
9 clear water . .  
10 non-clear water 
TABLE I. LIST OF THE CASES STUDIED 
The Model Working Equa�ion 
Based on 
three character- Engelund-Hansen 
istic eguations 
three character- Engelund-Hansen 
istic eguations 
two characteris- Engelund-Hansen 
tic eguations 
two characteris- Engelund-Hansen 
tic eg ua tions 
two characteris- Engelund-Hansen 
tic eguations 
two characteris- Engelund-Hansen 
tic eguations 
two characteris- Einstein-Brown 
tic eouations 
two characteris- Einstein-Brown 
tic eg ua ti ens 
two characteris- Engelund-Hansen 
tic egua tions 
two characteris- Engelund-Hansen 
tic eg ua tions 
Discharge 
1, 020 CMS 
1, 020 CMS 
1, 020 CMS 




1, 020 CMS 
1, 586 CMS 







60  days 
60 days 





a z  
orig:inal fixed bed, ax = 0. 00017 • the specific weight of water 
Y
w 
= 1, 000 Kg/m3 ; the volume of solids in unit volume of bed sediment 
p = 0.486 ; the sediment particle si7,e , d = 0. 2 mm; the fall velocity 
of sediment, w = 0 0213 m/sec ; the specific i eight of sediment, 
¥8 = 2, 6 50 Kg/m
3 ; the channe width obtained from equivaJ ent rectan­
gular cross-sectional area, b = 305 m ;  and the change of the channel 
width in x-directi on, � = o . oo .  The average lateral sediment inflow � x  
of 5,000, 000 tons per year which is contributed by the Bad River is 
considered in such a way that the sediment is distributed only in 
the first len�th interval 6.X = 12,000 m, L e. the lateral inflow of 
sediments, q s = 0 , 00000453 m
2/sec is used for the interval between 
Stations 88 and 89, and zero throughout the rest of the reach. The 
values used for the parameters K, m, and n a.re as follows : for the 
Engelund-Hansen ' s  expression, equation 79, K = 0.000456 for Q = 1, 020 
CMS, K = 0 .00062 3 for Q = l, _586 CMS, m = 4, and n = -3/2; for the 
Einstein-Brown' s  expressions, equations 80 and 81, K = 0.00017 5  for 
Q = l ,·020 CMS, m = 5, and n = -2. 
The boundary conditions used for the model based on three char­
acteristic eq uations are that the flow is steady at the upstream end 
(Station No. 88) , that the thickness of sediment layer is given based 
41 
on the continuity equation for sediment, equation 1, at the upstream 
end and that the average operating pool elevation at the Big Bend Dam 
(Sta. N o . 100) is constant at 431 . 71 m (1, 416 ft. , MSL) with the initial 
depth of water being 25 . 90 meters. The boundary conditions used for the 
model based on two characteristic equations are that the flow i s  steady 
at the upstream end ,  and that the average operating pool elevation at 
the Big Bend Dam is constant at 431 . 71 meters with the initial depth 
of water being 2 5. 90 meters. The initial flow depth along the reach 
is obtained from the backwater curve computed by a method described in 
Chow' s text (5) , and from this the initial flow velocity is computed . 
The initial flow depths for Q = 1, 020 CMS and Q = 1 ,  586 CMS at each 
station are listed in Table II. 
2. Computation Procedures 
Computation procedures for the model based on three characteristic 
equations are as follows 
(1) Read in the initial values , channel geometries , and parameters 
including time and length intervals .  
(2) Compute the steady state initial flow velocities from given 
depth of flow. 
(3) Compute the coefficient of the third order polynomial equa­
ti on , equation l?i'" , and solve the corresponding three charac-
teristic values by numerical method . 
(4) Calculate the values of velocity , depth, and thickness of 
sediment layer at points 1, 2, and 3 by using linear inter­
polation equa,tions . 
(5) Compute parameters needed and solve the values of velocity, 
depth , and sediment layer thickness for all interior stations 
t 
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TABLE II . INITIAL FLOW DEPTH AT EACH Oft"' YrlE STATIONS* 
Station Depth ( m) 
Q = 1,020 CMS Q = l,_586 CMS 
88 3. 30 3.80 
89 4. 10 4. 70 
90 5. 75 6.10 
91 7. 60 7 . 85 
92 9. 60 9.80 
93 11 .65  11 "80  
94 13.65 13.80  
95 15 , 70 15 . 80 
96 17. 70 17 .80  
97  19. 75 19.80 
98 21.80 21 .85 
99 23.80 23  .. 85 
100 25. 90 25. 90 
* A reach length of 144 Km was used in the example 
computation. For this particular reach length and 
At = 12 minutes, the number of equal length intervals 
was found to be 12 . Thus, Ax = 12 Km. 
The final station , the Big Bend Dam, was referenced as 
station 100. 
at advanced time line ( t = tj+1) .  
( 6) Compute the unknown boundary values of velocity, depth, or 
thickness of river bed deformation from characteristic eq�­
tions and given boundary conditions . 
( 7) Write out the results . 
( 8) Repeat the processes ( 2) to (7) as l ong as desired with res­
pect to time. 
The computation steps for the mod.el based on two characteristic 
equations - are as follows 
( 1) Read in the initial values , channel geometries and other pa-
rameters. 
( 2 ) Compute the steady state initial flow velocities from given 
depth of flow. 
(J) Compute the coefficients of the quadratic equation, equation 
57 and solve the corresponding two characteristic values. 
( 4) Compute the values of velocity and depth at points R and S 
by using linear interpolation equations . 
( 5) Compute the unknown boundary values of velocity or depth of 
flow from characteristic equations and given boundary con­
ditions. 
(6) Compute the values of velocity and depth of flow for all in­
terior stations at advanced time line (t = tj+1) . 
( 7) Compute the values of the sediment layer thickness at every 
station by means of equation 75* except the final station. 
The final station is computed by extrapolation . 
( 8 )  Ad.just the bed slope at each station by using equation 76. 
(9) Print-out the specified results . 
( 10) Repeat the steps (2 )  to ( 9) as long as desired with respect 
to time. 
3 .  Analysis of Results 
Results obtained from the computer solution are based on tne time 
interval , At , to be twelve minutes, and the length interval, Ax , to be 
twelv-e kilometers . The values At and AX are selected to satisfy both 
the relations expressed by equation 32 for the model based on three 
characteristic equations and by l!.X/1:>t '1!:' l e � +  ij):;*) /(m�z + :➔ , for 
the model based on two characteristic equations to be assured of 
stability and/or convergence of the solutions . 
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The results for cases 1 and 2 are listed in Table III.  The results 
for cases 3 and 4 are presented in Table IV. The profiles of sediment 
deposit for cases 1 and 3 are shown in Figure 7 and the profiles of 
sediment deposit for cases 2 and 4 are given in Figure 8 for the com­
parison. Figures 7 and 8 show that these two models do not give the 
same results . The model based on three characteristic equations tend s 
to have larger sediment deposit than the model based on two character­
istic equations. However, the sediment deposit trend is similar . This 
inconsister.�y perhaps comes from the differences in the assumptions 
and the computer execution . It  can be observed that a third order 
polynomial equation is presented in the model based on three character­




































TABLE III . RESULTS OF CASES 1 AND 2 
Velocity -Depth Deposition 
(m/sec) (m) (m) 
* .... * ** * ** 
1 .014 1. 014 3. 300 3.300 -0. 0000 0. 0000 
1.168 1.168 2.863 2. 863  -0. 0002 0. 0007 
1.179 1.180 2.837 2.835 - 0. 0003 0. 0017 
0 .816 0.816 4. 100 4. 1 00 0. 0000 0. 0000 
0 .991 0. 991 4. 005 4. 005 0. 0010 0. 0010 
1. 014 1. 014 3. 928 3.928 0. 0021 0. 0021 
0. 582  0. 582 .5.750 5.750 0. 0000 0. 0000 
0.723 0.723 5.729 5. 729 0. 0002 O e 0002 
0.739 0. 739 .5.628 5. 628 0. 0003 0. 0003 
o.44o o.44o 7. 600 7. 600 0. 0000 0. 0000 
0. 539 0.539 7. 671 7. 671 0. 0000 0. 0000 
0. 537 0. 537 7.573 7.573 0. 0001 0. 0001 
0. 348 0. 348 9. 600 9. 600 0. 0000 0. 0000 
o.431 o.431 9. 668 9. 668 0. 0000 0. 0000 
o.414 o.414 9. 584 9. 584 0. 0000 0. 0000 
0. 287 0. 287 11. 650 11. 650 0. 0000 0. 0000 
0. 366 0. 366 11. 679 11. 679 0. 0000 0. 0000 
0. 335 0. 335 11. 613 11.613 0. 0000 0. 0000 
0. 245 0. 245 13. 650 1 3. 650 0. 0000 0. 0000 
0. 328 0. 328 13. 692 13. 692 0. 0000 0. 0000 
0. 280 0. 280 13. 649 13. 649 0. 0000 0. 0000 
0. 213 0. 213 15. 700 15. 700 0. 0000 0. 0000 
0. 303 0. 303 15. 708 15. 708 0. 0000 0. 0000 
0. 241 0. 241 15. 688 15. 688 0. 0000 0. 0000 
0. 189 0.189 17.700 17.700 0. 0000 0. 0000 
0. 281 0. 281 17. 732 17. 732  0. 0000 0. 0000 
0. 211 0. 211 17.729 17.729 0. 0000 0. 0000 
0. 169 0. 169 19.750 19. 750 0. 0000 0. 0000 
0. 258 0.2 58 19.767 19. 767 0. 0000 0. 0000 
0. 188 0. 188 19.772 19. 772 0. 0000 0. 0000 
0. 153 0. 153 21. 800 21.800 0. 0000 0. 0000 
0. 236 0. 236 21.808 21.8 08 0. 0000 0. 0000 
0. 170 0. 170 21.814 21.814 0. 0000 0. 0000 
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TABLE III CONTINUED 
Station 'l'ime Velocity Depth Deposition 
(hr) ( m/sec) (m) (m) 
* -k * * ** * *�· 
99 0 0 . 141 0. 141 23 .800 23. 800 0 . 0000 0 .0000 
0 . 216 0 . 216 23 .8 53 23 .853 0 . 0000 0.0000 
8 0.1 55 0 . 155 23 .857 23 .857 0 .0000 0 .0000 
100 0 0 .129 0 . 129 25 ,900 2 5 .900 0 ,0000 0 ,0000 
0, 199 0 . 199 25.900 25 .900 0 .0003 0,0003 
8 0, 142 0 , 142 25 .899 25 .899 0 .0007 0.0007 
* Clear water release fro111 the Oahe Dam ( water released from spillway) 
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TABLE IV , RESULTS OF CASES 3 AND 4 
Velocity Depth Deposition 
(m/sec) (m) (m) 
* ** * ** * ** 
1. 013  1 . 013 3. 300 3 0 300 -0. 0000 0. 0000 
1 . 1 02 1, 102 3. 034 3 . 035 -0. 0002 0. 0006 
1. 102 1. 102 3. 034 3. 035 -0. 0004 0. 0014 
0.816 0.816 4. 100 4, 100 0. 0000 0. 0000 
1 . 019 1. 020 4. 363 4, 364 0. 0001 0. 0001 
1. 079 1 . 080 4,233 4. 233 0. 0003 0. 0003 
0. 582 0. 582 5. 750 5. 7 50 0. 0000 0. 0000 
0.899 0, 900 6, 028 6, 028 0. 0000 0. 0000 
0.973 0.973 5. 815 5.815  0. 0001 0. 0001 
o.44o 0 .440 7. 600 7. 600 0. 0000 0. 0000 
0. 765 0. 765 7,895 7,895 0. 0000 -0. 0001 
0.829 0.829 7. 644 7, 644 0. 0000 0. 0000 
0. 348 0. 348 9. 600 9. 600 0. 0000 0. 0000 
0. 658 0. 658 9,844 9,866 0. 0000 0. 0000 
0. 696 0.696 9, 595 9. 595 0, 0000 0. 0000 
0.287 0.287 11. 650 11. 650 0. 0000 0. 0000 
0. 587 0. 587 11.816 11.816 0. 0000 0. 0000 
0. 589 0, 589 11. 600 11 . 600 0. 0000 0, 0000 
0. 245 0,245 13. 650 13 . 6 50 0. 0000 0, 0000 
0. 544 0. 544 13. 791 13 . 791 0, 0000 0. 0000 
0. 505 0. 505 13. 628 1 3. 628 0. 0000 0. 0000 
0. 213 0. 213 15. 700 15. 700 0. 0000 0. 0000 
0. 513 0. 514 15. 773 15. 773 0. 0000 0. 0000 
0,439 0,439 15. 667 1 5. 667 0. 0000 0. 0000 
0. 189 0. 189 17. 700 17. 700 0. 0000 0. 0000 
o.481 o .482 17. 774 17. 774 0. 0000 0. 0000 
0. 388 0. 388 17. 711 17. 711 0. 0000 0. 0000 
0.169 0. 169 19. 750 19. 750 0. 0000 0. 0000 
0.446 o.446 19. 793 19. 793 0. 0000 0. 0000 
0. 346 0. 346 19. 757 19. 757 0. 0000 0. 0000 
0. 1 53 0. 153 21.800 21. 8 00 0, 0000 0. 0000 
0.411 0.411 21.824 21.8 24 0 , 0000 0, 0000 
0. 313 0. 313 21.805 21. 805 0. 0000 0. 0000 
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TABLE IV CONTINUED 
Station Time Velocity Depth Deposition 
(hr) (m/sec) (m) (m) 
* ** * ** * ** 
99 0 0. 141 0. 141 23 .800 23.800 0.0000 0. 0000 
4 0. 379 0. 379 23.861 23 .861  0. 0000 0. 0000 
8 0. 285 0. 285 23.852 23 .852 0. 0000 0.0000 
100 0 0. 129 0. 129 25. 900 25. 900 0. 0000 0. 0000 
0. 350 0. 350 25. 900 25. 900 0.0000 0 . 0000 
8 0. 263 0.263 25.900 25. 900 0. 0000 0 .. 0000 
* Clear water release from the Oahe Dam 
** Non-clear water release from the Oahe Dam 
0. 0020 
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FIGURE 8. COMPARISON OF SEDIMENT DEPOSIT PROFILES FOR CASES 2 AND 4 
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method is applied to find the approximate solutions . I t  is apparent 
that more j terations and more _interpolations will introduce a certa1 n 
degree of error. It can also be seen that the change in sediment 
layer thickness with respect to distance, �, has been neglected from 
c)X 
the model based on two characteristic equations, and this also will 
induce a pos$ibility of error . Since there is no pertinent field data 
available at this time to examine the computer results . it is difficult 
to justify which model would give the better results. The computer 
times required for �ases 1, 2 ,  3, and 4 are 5 minute;::; 2 &econds, 
5 minutes 13 seconds, 3 minutes 6 seconds, and 3 minutes 9 seconds, 
respectively. Thus the model based on three characteristic equat�ons 
requires more computer time than the model based on two characteristic 
equations and hence is less economical. From Chang and Richards ' 
study (4, 18) , they revealed that the neglect of the term , ��, in  the 
computation appears to be a reasonable assumption in their case. The 
numerical example adopted in this study is similar to that of Chang and 
Richards' • 'l'heref ore, the model based on two characteristic equations 
is used for the longer time period computations. 
The results obtained for cases 5 and 6 are listed in Table V, and 
the profiles of sediment deposit for cases 5 and 6 are shorm in Figures 
9 and 10 , respectively. Figure 9 shows that sc our occurs between Sta­
tions 88 and 89 and deposition occurs in the rest of the reach . Figure 
10 indicates that deposition occurs in the study reach and higher sedi­
ment deposit is presented in the upstream part of the reach and then 






































TABLE V.  RESULTS OF CASES 5 AND 6 
Velocity Depth Deposition 
(m/sec) (m) ( m) 
* ** * ** * ** 
1 .013 1. 013 3 . 300 3 . 300 -0 . 0000 0 . 0000 
1 . 100 1 . 103 3 .041 3 . 031 -0 . 0178 0 .0437 
1 . 097 1 . 105 3 .049 3 . 027 -0 . 0355  0 . 0857 
1 .094 1 . 106 3 .056 3 . 024 -0 . 0528 0 . 1256 
1 . 092 1 . 107 3 .063 3 . 020 -0 . 0697 0 .1634 
1 . 090 1 . 107 3 .068 3 . 020 -0 . 0860 0 . 1994 
1 .089 1 . 107 3 . 071 3 . 020 -0 . 1015 0 . 2338 
0 .816 0 .816 4. 100 4.100 0 .0000 0 . 0000 
1 . 062 1 . 075 4. 266 4. 257 0 . 0220 0 . 0233 
1 . 060 1 . 085 4. 267 4. 249 0 . 0433 0 . 0486 
1 . 059 1 . 095 4.268 4. 241 0 . 0635 0 , 0756 
1 . 057 1 . 106 4. 269 4 .233 0 . 0825 0 . 1041 
1 . 053 1. 112 4. 272 4 .228 0 . 1005 0 . 1341 
1 . 049 1 .119 4.275 4 .223 0 . 1176 0 .1648 
0 . 582 o .  _582 5 , 750 5 . 750 0 .0000 0 . 0000 
0 .957 0 . 957 5 .869 5 , 869 0 . 0133 0 . 0133 
0 .963 0 .963 5 .866 5 .867 0 . 0276 0 .0276 
0 . 969 0 .970 5 .864 5 ,864 0 . 0425 0 . 0426 
0 . 976 0 . 976 5 .862 5 .862 0 . 0 582 0 , 0583 
0 . 977 0 .983 5 . 861 5 .860 0 . 0743 0 . 0747 
0 . 977 0 .989 5 .861 5 .857 0 , 0904 0 . 0918 
o .44o o .44o 7 . 600 7 . 600 0 .0000 0 .0000 
0 .808 0 .809 7 . 715 7 . 71 5  0 .0050 0 .0050 
0 .810 0 .810 7 . 716 7 . 716 0 . 0103 0 . 0103 
0 .812 0 .812 7 , 717 7 . 717 0 . 0156 0 . 0156 
0 .813 0 .814 7 . 718 7 . 718 0 . 0209 0 .0210 
0 .813 0 .815 7 . 718 7 . 719 0 . 0263 0 . 0264 
0 .813 0 .817 7 . 718 7 . 720 0 . 0317 0 .0318 
0 . 348 0 . 348 9 , 600 9 . 600 0 . 0000 0 . 0000 
0 . 680 0 . 681 9 . 667 9 . 667 0 . 0018 0 .0018 
0 . 682 0 . 682 9 . 667 9 . 667 0 . 0037 0 . 0037 
0 . 683 o . 684 9 . 668 9 . 668 0 . 0056 0 .0056 
0 . 685  0 . 68 5  9 . 668 9 . 668 0 . 0075 0 . 0075 
0 . 685  0 . 687 9 , 668 9 . 669 0 . 0095 0 . 0095 
0 . 685  o . 688 9 . 668 9 . 669 0 . 0114 0 . 0115 
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TABLE V CONTINUED 
Station Time Velocity Depth Deposition 
(day) ( m/sec) (m) (m) 
* ** * ** * ** 
93 0 0. 287 0 . 287 11 . 650 11. 650 0. 0000 0. 0000 
10 0. 579 0. 579 11.665 11. 665 0. 0007 0. 0007 
20 0 . 580 0. _581 11 .666 11 . 666 0 . 0014 0. 0014 
30 0. 582 0. 582 11 .666 11. 666 0. 0021 0. 0021 
40 o .  583 0. 583  11 , 666 11. 666 0. 0028 0. 0029 
50 0. 583 0. 585 11 ,666 11. 667 0. 0036 0. 0036 
60 o ,  583 0 , 586 11 . 666 11. 667 0 , 0043 0 . 0043 
94 0 0.245 0 , 245 13 , 650 13. 650 0. 0000 0 . 0000 
10 0. 501 0. 501 13 .685  13. 68 5  0 . 0003 0 . 0003 
20 0. 502 0. 502 13 .685  13. 68 5 - 0. 0006 0 . 0006 
30 0. 503 0 . 503 13 . 685  1 3 . 68 5  0 . 0009 0 . 0009 
40 0. 504 0. 505 13 .685  1 3 . 685  0. 0012 0 . 0012 
50 0. 504 0 . 506 13 , 685 13 .685  0. 0015 0 . 0015 
60 0. 504 0 . 507 13 . 685 13. 686 0. 0018 0 , 0018 
95 0 0. 213 0 . 213 15 .  700 15. 700 0. 0000 0 . 0000 
10 o.44o 0 .440 15 . 714 15 . 714 0 . 0001 0. 0001 
20 o .441 o .441 1 5 . 714 15 , 714 0 . 0003 0. 0003 
30 0 ,442 0 ,442 15 , 714 15 , 714 0 . 0004 0. 0004 
40 o.443 o . 443 15 . 714 15 . 714 0 . 0005 0 . 0005 
50 0 ,443 0 ,444 15 , 714 15 , 714 0 . 0007 0. 0007 
60 0 ,443 0 ,445 15 , 714 1 5 . 714 0. 0008 0 , 0008 
96 0 0 . 189 0 , 189 17 . 700 17 . 700 0 . 0000 0. 0000 
10 0. 391 0 , 392 17 , 747 17. 747 0. 0001 0 . 0001 
20 0 . 392 0 . 392 17 , 747 17. 747 0 . 0001 0 . 0001 
30 0 . 393 0 . 393 17 . 748 17 . 748 0. 0002 0. 0002 
40 0 , 394 0 . 394 17 . 748 17. 748 0 . 0003 0 . 0003 
50 0 , 394 0 , 395 17 . 748 17. 748 0 . 0003 0 . 0003 
60 0 , 394 0 . 396 17 . 748 17. 748 0 , 0004 0. 0004 
97 0 0. 169 0 . 169 19 . 750 19 . 750 0 , 0000 0. 0000 
10 0 . 352 0 . 352 19 , 784 19. 784 0 , 0000 0 . 0000 
20 0 . 353 0 . 353 19 . 784 19. 784 0 . 0001 0. 0001 
30  0 . 354 0 . 354 19 . 784 19. 784 0 . 0001 0. 0001 
40 0. 355 0 . 355 19 . 784 19 . 784 0 . 0001 0 , 0001 
50 0 . 355 0 . 356 19 . 784 19. 784 0 , 0002 0 . 0002 





TABLE V CONTINUED 
Time Velocity Depth 
(day) (m/sec) (m) 
* ** * ** 
0 0.153 0. 153 21. 800 21.800 
10 0. 320 0. 320 21.822 21.822 
20 0. 321 0. 321 21.822 21. 822 
3 0  0. 322 0. 322 21.822 21.822 
40 0. 322 0, 322 . 21,822 21 . 822 
50 0. 322 0. 323 21.822 21.822 
60 0. 322 0. 324 21,822 21.822 
0 0, 141 0,141 23.800 23. 800 
10 0. 293 0. 293 23 .861 23.861 
20 0, 294 0. 294 23.861 23, 861 
JO 0. 295 0. 295 23.861 23.861 
40 0,295 0, 295 23.861 23.861 
50 0. 295 0. 296 23,861 23,861 
60  0. 295 0.297 23,861 23.861 
0 0 ,129 0.129 25,900 25.900 
10 0,270 0. 270 2 5.900 25.900 
20 0, 271 0.271 25.900 25.900 
30 0. 272 0. 272 25.900 2 5.900 
40 0. 272 0. 272 25.900 25.900 
50 0. 272 0. 273 25.900 25 ,900 
60 0. 272 0. 274 25.900 25,900 




0. 0000 0. 0000 
0. 0000 0. 0000 
0. 0000 0. 0000 
0. 0001 0 •. 0001 
0, 0001 0, 0001 
0, 0001 0. 0001 
0. 0001 0. 0001 
0. 0000 0. 0000 
0, 0000 0, 0000 
0, 0000 0 .0000 
0. 0000 0. 0000 
0. 0000 0. 0000 
0, 0001 0, 0001 
0. 0001 0. 0001 
0. 0000 0, 0000 
0. 0000 0. 0000 
0, 0000 0. 0000 
0. 0000 0 . 0000 
0, 0000 0, 0000 
0. 0001 0. 0001 
0. 0001 0, 0001 
** Non-clear water release from the Oahe Dam 
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FIGURE 10 . PROFILES OF SEDIMENT DEPOSIT FOR CASE 6 
reported by the Corps of Engineers ( Omaha Distric·t) indicated that 
" The channel bed has degraded . nearly four feet in the two mile reach 
immediately below the powerhouse of the Oahe Dam • • • • •  From the 
results of soundings at range 1116 . 6, which is located upstream of the 
mouth of the Bad River, it is apparent that the thalweg of this channel 
is now about 4 feet lower than it was in 19.58 . The right bank channel 
immediately downstream of the mouth of the Bad River has not degraded 
to the 1958 left bank level, and a considerable amount of aggradation 
is apparent downstream of this point where backwa er effects from the 
Big Bend reservoir  are very evident . "  Since the reach between the 
Oahe Dam and upstream of the mouth of the Bad River is between Stations 
88 and 89, and the downstream of the mouth of the Bad River belongs 
to the downstream of Station 89 . The sediment deposit pattern 
for case 5 is consistent with the field observations. 
The results obtained for cases 7 and 8 are listed in Table VI and 
the profiles of sediment deposit for cases 7 and 8 are shown in Figures 
11 and 12, respectively . The figures show that no scour occurred in the 
whole reach . This is because the amount of lateral sediment, inflow 
between Stations 88 and 89 is larger than the sediment discharge being 
carried out from the same reach for case 7, and non-clear water release 
from the Oahe Darr. increases the sediment deposit in the reach for case 
8 .  
The results computed for cases 9 and 10 are presented in Table VII 
and the profiles of sediment deposit for cases 9 and 10  are given in 






































TABLE VI . RESULTS OF CASES 7 AND 8 
Velocity Depth 
( m/sec) (m) 
* ** * ** 
1.013 1 .013 3. 300 3 . 300 
1 . 102 1 . 104 3 . 034 3 . 030 
1 . 102 1 . 105 3 , 034 3. 027 
1. 102 1 . 106 3. 034 3 , 023 
1 . 102 1 . 108 3 . 034 3. 020 
1 .102 1. 109 3 , 034 3 . 016 
1 . 102 1 , 110 3 , 034 3 . 012 
0 .816 0 . 816 4 , 100 4 . 100 
1. 064 1 , 068 4 ,265 4. 265 
1 . 064 1 . 072 4 , 265 4 .259 
1 , 064 1 , 076 4 , 265 4 . 256 
1 . 064 1 , 080 4 ,265 4. 253 
1 . 064 1 , 084 4 , 265 4 . 2 50 
1 . 064 1 . 088 4 . 265 4 . 247 
0 , 582 0. 582 5 . 750 5. 750 
0 . 950 0.950 5 .871 5.871 
0. 950 0 , 950 5 ,871 5 .871 
0 , 950 0 , 950 5 ,871 5.872 
0 . 950 0 . 950 5 .871 5 , 872 
0.950 0 . 950 5.871 5 . 872 
0 , 950 0 , 951 5 ,871 5 , 872 
o .44o 0 ,440 7. 600 7 . 600 
0 . 807 0 . 807 7 , 714 7. 714 
0 . 807 0 , 807 7 . 714 7 , 714 
0 . 807 0 ,807 7 . 714 7 , 714 
0 ,807 0 .807 7. 714 7 .714 
0 . 807 0 .807 7 . 714 7 . 714 
0 ,807 0 .807 7 , 714 7. 714 
0 . 348 0 . 348 9 , 600 9 . 600 
0 . 679 0. 679 9 . 666 9 . 666 
0 . 679 0 . 679 9 . 666 9. 666 
0 . 679 0 . 679 9 . 666 9 , 666 
0 . 679 0. 679 9 , 666 9 . 666 
0 . 679 0 . 679 9 . 666 9 . 666 





0. 0000 0. 0000 
0 . 0176 0 . 0328 
0 . 0352 0 . 0656 
0. 0528 0 , 0983 
0 . 0704 0 , 1309 
0 , 0880 0 . 1634 
0 . 1056 0 , 1958 
0 . 0000 0. 0000 
0 . 0055 0 . 0056 
0 . 0110 0 , 0114 
0 . 0166 0. 0175 
0. 0221 0 . 0238 
0 . 0277 0 . 0303 
0. 0332 0 . 0371 
0. 0000 0. 0000 
0. 0023  0 . 0023 
0. 0046 0 , 0046 
0 . 0069 0 . 0069 
0. 0092 0 . 0092 
0 . 0116 0 . 0116 
0 . 0139 0 . 0139 
0. 0000 0 . 0000 
0 . 0006 0 . 0006 
0 . 0013 0 . 0013 
0 . 0020 0 . 0020 
0 . 0026 0 . 0026 
0 . 0033 0 . 0033 
0 . 0040 0 , 0040 
0. 0000 0. 0000 
0. 0002 0 . 0002 
0. 0004 0 , 0004 
0 . 0005 0 . 000 5 
-0 . 0007 0 . 0007 
0 . 0009 0 , 0009 
0 . 0011 0 . 0011 
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TABLE VI CONTINUED 
Station Time Velocity Depth Deposition 
(day) (m/sec) (m) (m) 
* ** * ** * ** 
93 0 0 . 287 0 . 287 11 . 650 11 . 650 0 . 0000 0 . 0000 
10 0 . 578 0 . 578 11 . 665 11 . 665  0 . 0001 0 . 0001 
20 0 . 578 0 . 578 11 . 665 11 . 665  0 . 0001 0 . 0001 
30 0 . 578 0 . 578 11 .665 11 . 66 5  0 . 0002 0 . 0002 
40 0 . 578 0 . 578 11 .665 11 . 665  0 . 0002 0 . 0002 
50 0 . 578 0 . 578 11 .665 11 . 66 5  0 . 0003 0 . 0003 
60 0 . 578 0 . 578 11 .665 11 . 665 0 . 0003 0 . 0003 
94 0 0 . 245 0 . 245 13 . 650 1 3 . 650 0 . 0000 0 . 0000 
10 0 . 500 0 . 500 13 .684 13 . 684 0 . 0000 0 . 0000 
20 0 . 500 0 . 500 13 . 684 1 3 . 684 0 . 0000 0 . 0000 
30 0 . 500 0 . 500 13 . 684 1 3 . 684 0 . 0001 0 . 0001 
40 0 . 500 0 . 500 13 . 684 13 . 684 0 . 0001 0 . 0001 
50 0 . 500 0 . 500 13 . 684 13 . 684 0 . 0001 0 . 0001 
60 0 . 500 0 . 500 13 . 684 13 . 684 0 . 0001 0 . 0001 
95  0 0 . 213 0 . 213 1 5 . 700 1 5 . 700 0 . 0000 0 . 0000 
10 o .439 o .439 1 5 . 713 1 5 . 713 0 . 0000 0 . 0000 
20 o .439 o .439 1 5 . 713 1 5 . 713 0 . 0000 0 . 0000 
30 o . 439 0 ,439 15 . 713 1 5 . 713 0 . 0000 0 . 0000 
40 o .439 o .439 15 . 713 1 5 . 713 0 . 0000 0 . 0000 
50 o .439 o .439 15 . 713 1 5 . 713  0 . 0000 0 . 0000 
60 0 . l�39 o .439 15 . 713 1 5 . 713 0 . 0000 0 . 0000 
96 0 0 . 189 0 . 189 17 . 700 1 7 . 700 0 . 0000 0 . 0000 
10 0 . 391 0 . 391 17 . 747 17 , 747 0 . 0000 0 . 0000 
20 0 . 391 0 . 391 17 . 747 17 . 747 0 . 0000 0 . 0000 
30 0 . 391 0 . 391 17 . 747 17 . 747 0 . 0000 0 . 0000 
40 0 . 391 0 . 391 17 . 747 17 . 747 0 . 0000 0 . 0000 
50 0 . 391 0 . 391 17 . 747 17 . 747 0 . 0000 0 . 0000 
60 0 . 391 0 . 391 17 . 747 17 . 747 0 . 0000 0 . 0000 
97 0 0 . 169 0 . 169 19 . 750 19 . 750 0 . 0000 0 . 0000 
10 0 . 352 0 . 352 19 . 784 19 . 784 0 . 0000 0 . 0000 
20 0 . 352 0 . 352 19 . 784 19 . 784 0 . 0000 0 . 0000 
30 0 . 351 0 . 352 19 . 784 19 . 784 0 . 0000 0 . 0000 
40 0 . 351 0 . 352 19 . 784 19 . 784 0 . 0000 0 . 0000 
50 0 . 352 0 . 352 19 . 784 19 . 784 0 . 0000 0 . 0000 





TABLE VI CONTINUED 
Time Velocity Depth 
(day) (m/sec) (m) 
* ** * ** 
0 0. 153 0.153 21 ,800 21 .800 
10  0. 319 0 . 319 21.822 21.822 
20 0 . 319 0 . 319 21.822 21.822 
30 0. 319 0. 319 21 .822 21. 822 
40 0 . 319 0. 319 21.822 21. 822 
50 0 . 319 0 . 319 21.822 21 . 822 
60 0 . 319 0, 319 21.822 21.822 
0 0, 141 0 , 141 23.800 23.800 
10 0 .293 0 .293 23.861 23.861 
20  0. 293 0. 293 23 . 861 23.861 
30 0 . 293 0 . 293 23.861 23. 861 
40 0 . 293 0 . 293 23 . 861 23.861 
50 0.293 0.293 23. 861 23. 861 
60 0.293 0.293 23.861 23.861 
0 0.129 0 . 129 25.900 25. 900 
10  0.270 0. 270 25. 900 25 . 900 
20 0 . 270 0 . 270 2 5 .900 2 5 . 900 
30 0.270 0. 270 25.900 25. 900 
40 0 . 270 0 . 270 25 , 900 2 5 . 900 
50 0. 270 0 . 270 25.900 2 5 . 900 
60 0,270 0 , 270 2 5 , 900 25 . 900 




0 . 0000 0 . 0000 
0. 0000 0. 0000 
0. 0000 0. 0000 
0. 0000 0 , 0000 
0 . 0000 0 , 0000 
0. 0000 0. 0000 
0 . 0000 0 . 0000 
0. 0000 0 . 0000 
0. 0000 0. 0000 
0. 0000 0 . 0000 
0 . 0000 0 . 0000 
0 . 0000 0. 0000 
0. 0000 0 . 0000 
0. 0000 0 . 0000 
0. 0000 0. 0000 
0. 0000 0 . 0000 
0. 0000 0 . 0000 
0. 0000 0. 0000 
0 , 0000 0. 0000 
0 . 0000 0 . 0000 
0 . 0000 0 , 0000 
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FIGURE 11 . PROFILES OF SEDIMENT DEPOSIT FOR CASE 7 
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FIGURE 12 • PROFILES OF SEDIMENT DEROSIT FOR -CASE 8 
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given in Figure . 13 has the same trend as that stated in the field study 
( 6), whereas the sediment deposit trend shown in Figure 14 is based on 
non-clear water release from the Oahe Dam and hence does not constitute 
the same pattem with the actual case. 
The comparison of sediment deposit profiles at the end of the 
sixty day period for cases 5 to 7 is shown in Figure 15 . The comparison 
of sediment deposit profiles at the end of the sixty day period for 
cases 6 to 8 is also shown in Figure 16. Figures 15 and 16 show that 
the thickness of sediment layer for the Engelund-Hansen expression have 
higher values than those for the Einstein-Brown ' s  except the reach be­
tween Stations 88 and 89 in Figure 15 . This is because the Engelund­
Hansen equation has higher sediment transport capacity to carry a larger 
amount of sediment in the reach and it results in more depositions. As 
mentioned previously, the tendency of sediment deposit in case 5 shows 
a similar pattern with that of the actual case . The comparison of sedi­
ment deposit profiles at the end of the sixty day period for cases 5 
to 9 is presented in Figure 17 . The comparison of sediment deposit 
I 
~ 
profiles at the end of the thirty day period for cases 6 to 10 is also 
shovm in Figure 18 . Figures 17 and 18 indicate that the larger the 
discharge, the more sediment deposit is presented . 
The degradation of the river bed below the Oahe dam was measured 
to be 4 feet in 11 years ( 6 ) . Harrison (10)  estimated the final scour 
depth was to be 6 feet. This estimation was based on the discharge of 
1 , 020 CMS from March to November and 453 CMS during the winter season. 











































* ** * ** * ** 
1 . 368 1 . 368 3 .800 3 .800 -0 .0000 0 . 0000 
1 .403 1 .418 3 . 706 3 . 668 -0 . 0456 0 .1464 
1 , 398 1 ,425 3 . 721 3 . 650 -0 . 0876 0 .2906 
1 . 394 1 .432 3 . 731 3 , 632 -0 . 1260 0 ,4311 
1 . 391 3 . 739 -0 .1612 
1 . 388 3 . 746 -0 .1936 
1 . 385 3 . 754 -0 . 2233 
1 .106 1 .106 4.700 4, 700 0 . 0000 0 . 0000 
1 .181 1 . 219 4.884 4,856 0 . 0261 0 . 0322 
1 .169 1 . 244 4.890 4.833 0 . 0475 0 . 0712 
1 .156 1 . 268 4 .895 4 ,810 0 . 0644 0 .1170 
1 .146 4 .898 0 . 0779 
1 . 135 4,902 0 . 0886 
1 . 124 4. 905 0 . 0964 
0 ,852 0 . 852 6 . 100 6 ,100 0 , 0000 0 . 0000 
1 . 115 1 .116 6 . 281 6 . 282 0 . 0229 0 . 0229 
1 .121 1 . 127 6 . 273 6 .273 0 . 0469 0 . 0474 
1 . 122 1 .138 6 . 266 6 . 264 0 . 0711  0 . 0735 
1 .123 6 . 260 0 . 0950 
1 . 123 6 ,253 0 .1185 
1 .124 6 .246 0 .1416 
0 . 662 0 . 662 7 .850 7 .850 0 . 0000 0 , 0000 
0 .990 0 .991 7.970 7 .971 0 . 0122 0 , 0122 
0 .996 0 .998 7 .967 7 .969 0 . 0253 0 . 0254 
1 . 000 1 . 005 7 .962 7 .967 0 . 0391 0 . 0393 
1 . 004 7 .957 0 . 0533 
1 . 008 7.953 0 . 0681 
1 . 012 7 .948 0 . 0834 
0 . 531 0 .531 9 .800 9 ,800 0 . 0000 0 . 0000 
0 ,857 0 .858 9 .824 9 .825 0 . 0053 0 . 0053 
0 .858 0 .859 9 .825 9 .826 0 . 0107 0 . 0108 
0 .857 0 .861 9 .824 9 .828 0 . 0162 0 . 0163 
0 .856 9 ,824 _ 0 . 0216 
0 ,856 9 .823 0 . 0270 
0 .855 9 ,822 0 . 0323 
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TABLE VII CONTINUED 
Station Time Velocity Depth Deposition 
(day) (m/sec) (m) (m) 
* ** * ** * ** 
93 0 o.441 o .4ln 11 .800 11 . 800 0. 0000 0. 0000 
10 0.745 0 . 745 11. 762 11 . 763 0. 0023 0. 0023 
20 0 . 746 0 . 747 11 . 762 11 . 763 0. 0046 0 . 0047 
30 0. 746 0 . 750 11 . 761 11. 763 0. 0070 0. 0071 
40 0. 745 11.759 0. 0094 
50 0 . 745 11. 758 0. 0117 
60 0. 745 11 . 757 0. 0140 
94 0 0. 377 0 . 377 13.800 13.800 0 . 0000 0. 0000 
10 0.652 0 .652 13 . 746 13. 746 0 . 0010 0 . 0010 
20  0 . 653 0.655 13 . 745 13 . 746 0 . 0021 0. 0021 
30 o.654 0 . 657 13 . 745 13. 746 0 . 0032 0. 0032 
40 o . 654 13 . 744 0 . 0043 
50 o. 654 13 . 743 0 . 0054 
60 o .654 13 . 743 0. 0065 
95 0 0 . 329 0. 329 15 . 800 1 5.800 0. 0000 0. 0000 
10 0. 576 0 . 576 15. 753 1 5 . 753 0. 0005 0 . 0005 
20 0. 577 0 . 578 15 . 753 1 5. 7 54  0 . 0010 0 . 0010 
30 0 . 577 0 . 580 15 . 753 15 . 754 0 . 0015 0 . 0015 
40 0 . 577 15 . 753 0 . 0020 
50 0 . 576 15 .753 0 . 002 5 
60 0. 576 15 . 753 0 . 0030 
96 0 0. 292 0. 292 17 .800 17 . 800 0 . 0000 0 . 0000 
10 0. 515 0. 515 17 . 772 1 7. 772 0 . 0002 0. 0002 
20 0. 516 0 . 517 17. 772 17 . 773  0. 0005 0. 0005 
30 0. 515 0 . 519 17 . 772 17 . 773 0 . 0007 0. 0007 
40 0. 51 5 17. 772 0 . 0010 
50 0 . 515 17 . 772 0 . 0012 
60 0 . 515  17 �772 0 . 0015  
97  0 0. 263 0 . 263 19.800 19 . 800 0. 0000 0 . 0000 
10 o .465 o .465 19 . 799 19. 799 0 . 0001 0 . 0001 
20 o .465 o .467 19 . 799 19 . 799 0 . 0003 0 . 0003 
30 o.465 o .468 19 . 799 19. 799 0 . 0004 0 . 0004 
40 o.465 19 . 799 - 0 . 0005 
50 o .465 19 . 799 0 , 0007 





TABLE VII CONTINUED 
Time Velocity Depth 
(day) (m/sec) (m) 
* ** * ** 
0 0 . 238 0 . 238 21 .850 21 . 8 50 
10 o.423 0 ,423 21.830 21 .830 
20 o .424 0 , 425 21.830 21.830 
30  o.424 o.426 21.830 21.830 
40 o.423 21 , 830 
50 0 ,423 21.830 
60 0 ,423 21.830 
0 0. 218 0.218 23.850 23.850 
10 0 . 388 0. 388 23.864 23 .864 
20 0 , 388 0 , 389 23.864 23.864 
30 0. 388 0 , 391 23. 864 23.864 
40 0. 388 23 .864 
50 0. 388 23 .864 
60 0 . 388 23.864 
0 0. 201 0 ,201 25.900 25. 900 
10 0. 358 0. 358 2 5. 900 25 ,900 
20 0. 359 0. 359 2 5. 900 2 5 .900 
30 0. 359 0. 361 2 5. 900 2 5 .900 
40 0. 358 25.900 
50 0. 358 25 .900 
60 0. 358 25.900 




0 . 0000 0 . 0000 
0. 0001 0. 0001 
0. 0001 0. 0001 
0. 0002 0. 0002 
0. 0003 
0 . 0004 
0. 0004 
0. 0000 0 . 0000 
0 , 0000 0 . 0000 
0 . 0001 0. 0001 




0 . 0000 0 , 0000 
0. 0000 0. 0000 
0. 0001 0. 0001 




** Non-clear water release from the Oahe Dam 
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FIGURE 13 .  PROFILES OF SEDIMENT DEPOSIT FOR CASE 9 
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- FIGURE 14. PROFILES OF SEDIMENT DEPOSIT FOR CASE 10 
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FIGURE 15 .  COMPARISON OF SEDIMENT DEPOSIT PROFILES FOR CASES 5 AND 7 
71 


















0 . 16 
0.12 





















88 89 90 91 92 93 94 95  96 97 
Station N umber 
98 99 100 
FIGURE 1 6 .  COMPARISON OF SEDIMENT DEPOSIT PROF
ILES FOR 
CASES 6 AND 8 
Case 9 
,,, 0.10 � 
(1) Case 5 +> 
(1) 
c:: I 
oM . +> 
oM 
o . oo (/} 
._ _ _  �___, 













-0 .30 '---�-�----....L---'--___._. _ _.._-..1-_ __. __ i..-_...1--_...,__ 
88 89 90 91 92 93 94 g5 96 97 98 99 100 
Stat on N umber 
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estimation of scour depth 
(89) 
in which 1 and � are coefficients. With the above boundary conditions, 
the scour ·depth for the two months for the discharge of 1 , 02 0  CMS can 
be computed as z = 0 . 037 m. The corresponding depth estimated by the 
method presented. in this study becomes 0.102 m (case 5) when the 
Engelund-Hansen fonnula was used for sediment transport formula. The 




SUMMARY AND CONCLUSIONS 
1 .  Two mathematical models were presented to simulate the mechan­
ics of sediment deposition in open-channel flow. They are the model 
based on three characteristic equations and the model based on iwo 
characteristic equations. 
2 .  A set of three partial differential equations for one dimen-
sional unsteady flow with homogeneous density was used as governing 
equations and the method of characteristics was applied to find solu-
tions . 
3. The three basic partial differential equations have also been 
reduced to two basic equations by assuming the change of sediment layer 
thickness with respect to distance to be negligible. And the two basic­
equations were used as governing equations and the method of character-
istics was applied to obtain solutions . 
4 . The simple power form of sediment transport equations (Enge-
lund-Hansen' s sediment equation and Einstein-Brown ' s sediment-transport 
equation) have been used as working equations in the numerical computa­
tion. In order to acquire the computation procedures, the reach between 
the Oahe Dam and the Big Bend Dam in the Missouri River in South Dakota, 
about 144 kilometers, is chosen for the study to compute the deposit 
of sediment within the reach. 
5 .  Ten different cases ( see Table I )  were as sembled and treated 
for computer executions on the . basis of ( a) clear water or non-clear 
water release from the Oahe Dam;  ( b) the model based on three character­
istic equations or the model based on two characteristic equations, (c) 
the Engel nd-Hansen or the Einstein-Brovm type working equation ; ( d) the 
discharge of 1, 020 CMS or l, _586 C11S; and ( e ) the time period of 8 hours, 
30 days, or 60 days. 
6. The computer time used for the model based o
n three character-
istic equations is r.1ore than that used f or th
e model based on two ci"lar­
acteristic  equations. Thus, the model based 
on two characteri stic 
equations is employed in the longer time period
 numerical computations 
7 . The Einstein-Brown equation results obt
ained with both clear 
water and non-clear water releases from the 
Oahe Dam showed that sedi­
ments were deposited in the reach. The Eng
elund-Hansen equation results 
obta ned with non-clear water release from
 the Oahe Dam showed no scou:!:'­
ing but deposition s did occur in the reach
. The re sults com�uted, by 
using the Engelund-Hansen equati on, with 
clear water release case sh owed 
scouring at the reach between the Oahe D
am and upstream of the mouth 
of the Bad River and depositions in the 
rest of the reach . This phenom­
ena was also shown in the field study. 
Therefore, it i s possible to 
state that the Engelund-Hansen equati
on with clear water release from 
the Oahe Dam gives a closer simulation
 to the actual cas� . 
8 .  Since sediment-transport equation has
 a close relationship with 
the results, a careful selection of the workin
g equation is  necessary 
to. assure realistic results. 
77 
9 .  It appears that the method of characteristics . with specified 
time and length intervals, can be used to simulate sediment deposits in 
an unsteady open-channel flow . 
78 
Chapter VII 
SUGGESTIONS FOR FURTHER RESEARCH 
1 $  The feasibility of the model based on three charact€ristic 
equations and the model based on two characteristic equations should be 
investigated further by using sufficient field data. 
2. Further investigation of the effect of non-unifonn size sedi-
ment on the sediment deposition should be undertaken � 
3 .  The effects of bed-load on sediment deposit profiles need ad di-
tional study . 
4. Investigations are needed for selecting a proper equation of 
sediment transport for a certain reach or river . 
5 .  A mathematical model for two dimensional transient flow with 
non-homogeneous density is needed for non-uniform channels or river 
estuaries. 
6. More reasonable and better computer programs should be under-
taken, so as to assure that the error of appr9ximation is as small as 
possible in the application. The work of Cunge (7) is  a good start in 
this direction . 
?9 
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APPENDIX I 
COMPUTER PROGRAM FOR THE MODEL BASED ON 
THREE CHARACTERISTIC EQUATIONS 
C COMPUTER PR():;RAM FOR THE MODEL BASED ON 
C THREE CHARACTERISTIC EQUATIONS 
C CLEAR WATER RELEASE FROM THE OARE DAM 
DIMENSION V ( lOO) , H ( lOO) , SB ( lOO) , TH( lOO) , Z ( lOO ) , 
1 EL( lOO) , BEL( lOO ) ,GM( lOO) , C ( lOO) , PA ( lOO) , 
2 PB ( lOO ) , PC( lOO) 
DIMENSION VL( l00 , 10) , HL( l00 , 10) , ZL( l00 , 10) , YD( lOO , 
1 lO )FAI ( l00 , 10) , FBI ( l00 , 10) , D( l00 , 10 ) , 
2 E( l00 , 10) , F ( l00 , 10) , Q( l00 , 10) , R( l00 , 10) , 
3 S ( l00 , 10) 
READ( ll , 100) N 
READ( ll , 101) GS , GW , QS , QM , SM , SN , P , W 
READ( ll , 102) FN , VO , HO , DQ , G , BSUBX , DX 
READ( ll , 103) FL , TMAX , DT , Pl 
READ( ll , 104) AK , SO , EPSON 
C STEADY STATE CALCULATIONS 
NU=lOO-N 
NUP=NU+l 
READ( ll , 105) ( H ( I ) , I=NU , 100 )  
DO  10 I=NU , 100 
SB ( I ) =305 . o+BSUBX*FLOAT(I-NU )*DX 
V ( I ) =DQ/H ( I )  
EL( I ) =FLOAT( lOO-I )*SO*DX 
BEL( I ) =EL( I ) 
Z ( I ) =O . O 
10 TH( I ) =H ( I )  
HEAD=H ( 100 )  




11 TM=T/60 . 
JA=JA+l 
WRITE( l2 , 202 ) TM 
DO 12 I=NU , 100 
12 WRITE( l2 , 203) I , V ( I ) , H( I ) , TH( I ) , Z ( I ) , BEL(I)  
13  T=T+DT 
IU=IU+l2 
SNP=-SN 
IF ( T-TMAX) 14 , 14 , 1000 
C COEFFICIENTS OF THE THIRD ORDER POLYNOMIAL EQUATION 
14 DO 26 I=NU , 100 
IF( ! -NU ) _58 , _58 , 59 
58 AK=0 . 00 
GO TO 60 
59 AK=0 . 000095185 
60 C( I ) =AK/(G*W )*V( I )**SM/(H ( I )**SNP )  
GM( I ) =(GS-GW )*C( I )+GW 
PA ( I ) =AK* (GS-GW ) /( W*GM( I ) ) 
PB ( I ) =AK/(G*P*W )  
PC( I ) =(P*GS+ ( l . -P )*GW) /GM( I )  
AD=PB ( I )*V( I )**SM/(H ( I )**SNP )* ( SN+l . -SM*PC ( I ) ) -1 .  
83 
AAl=- ( 2 .*V(I)+. S*SM*PA(I )*V(I)** ( SM-1. ) /(H (I )** ( SNP-1. ) ) )  
1 * ( ( SN+l. ) *PB(I )*V(I ) **SM/(H(I ) **SNP) -1 . ) 
AA2= . 5*SM*SN*PA(I )*PB(I)*V(I )** ( 2.*SM-1 . ) /(H (I ) 
1 ** ( 2 ,*SNP-1 . ) )  
AA3=PB(I ) *PO(I )*V(I)** (SM+l. )* ( 2.*SM-SN ) /(H(I ) **SNP) 
ABl=V( I ) **SM* (PB(I )it-G* ( SM-SN -l. ) +. 5*SN*PA(I) ) 
1 /(H (I )** ( SNP-1. ) )  
AB2=V(I )*V(I )* ( ( SN+l. )*PB(I )*V(I )**SM/(H (I ) **SNP) -1. ) 
1 * ( 1 .+ . 5*SM*PA(I )*V(I )** (SM-2 . ) /(H ( I) ** ( SNP-1 . ) ) )  
AB3=( SN-SM )*PB(I)*PC(I)*V(I)** ( SM+2 . ) /( H ( I ) **SNP)  
AB4=- . 5* ( SM+l . )*SN*PA(I)*PB(I )*V(I)** ( 2.*SM) 
1 /(H(I)** (2 ,*SNP-1. ) )+G*H(I ) 
Al=(AAl+AA2+AA3) /AD 
A2=( ABl+AB2+ABJ+AB4) /AD 
AJ=( ( SN-SM) *G*PB(I )*V(I)** (SM+l. ) /(H (I) ** ( SNP-1. ) ) ) /AD 






IF (GX ) 17 , 16 , 17 
16 WRITE( 12 , 204) 
GO TO 1000 
17 PP=PP-FX/GX 
ABSPP=ABS(PP )  
SU=ABSPP-ABSP 
SUM=ABS(SU )  
IT=IT+l 
IF ( IT-1) 1000 , 18 , 19 
18 SUMl=SUM 
GO TO 24 
19 IF ( IT-5) 24 , 22 , 20 
20  IF(IT-30) 24 , 21 , 21 
21 WRITE( 12 , 205) PP , SUM 
GO TO 1000 
22 IF ( SUM-SUMl )  24 , 23 , 23 
23 WRITE( 12 , 206) 
GO TO 1000 
24 IF ( SUM-EPSON ) 25 , 25 , 15 
25 YD(I ,  1 )  =PP 
SQ=SQRT( (Al+PP)* (Al+PP) /4 . -(Al*PP+PP*PP+A2 ) ) 
YD( I , 2 ) =-(Al+PP) /2.+SQ 
YD( I , 3 ) =- (Al+PP ) /2 .-SQ 
26 CONTINUE 
C LINEAR INTERPOLATIONS 
DO 43 I=NU ,  100 
IF (I-100) 27 , 28 , 28 
27 JP=J 
GO TO .29 
84 
28 JP=2 
29 DO 43 J ::sl , JP 
IF ( I-NU) 91 , 91 , 96 
91 IF( J -3 )  95 , 96 , 95 
95 GO TO 43 




IF ( J -3) 30 , 31 , 31 
30 UIL=DIL+ 1 .  
GO TO 32 
31 UIL=l . -DIL 
32 IF ( JJ-NU )  33 , 34 , 34 
33 VL( I , J ) =VO 
HL( I , J ) =HO 
ZL( I , J ) =O. O 
GO TO 42 
J4 IF( J - 3) 39 , 35 , 35 
35  IF( JJ -99) 36 , 36 , 41 
36 IF ( XD )  37 , 38 , 38 
37 VL( I , J ) =UIL*V ( JJ ) +DIL*V ( JJ+l)+( V ( JJ ) -V ( JJ+l) )*X�ITT/DX 
HL( I , J ) =UIL*H( JJ )+DIL*H ( JJ+l )+ (H (JJ ) -H ( JJ+l) )*XD*DT/DX 
ZL( I , J ) =UIL*Z( JJ )+DIL*Z ( JJ+l)+( Z ( JJ ) -Z ( JJ+l ) ) *XD*DT/DX 
GO TO 42 
J8 UIL=DIL+l. 
39 IF ( I -NU ) 40 , 40 , 41 
40 VL( I , J ) =UIL*V ( JJ ) -DIL*VO-( V( JJ ) -VO )*XD*DT/DX 
HL( I , J ) =UIL*H ( JJ ) -DIL*HO-(H ( JJ ) -HO ) *XD*DT/DX 
ZL( I , J ) =UIL*Z ( JJ ) -Z ( JJ )*XD*DT/DX 
GO TO 42 
41 VL( I , J ) =UIL*V ( JJ ) -DIL*V ( JJ -1) -( V ( JJ ) -V ( J J -l ) ) *XD*DT/DX 
HL( I , J ) =UIL*H ( JJ ) -DIL*H (JJ-1 ) - (H ( JJ ) -H ( JJ -l ) )*XD*DT/DX 
ZL( I , J ) =UIL*Z ( JJ ) -DIL*Z (JJ-1 ) - ( Z ( JJ ) -Z ( JJ -l ) ) *XD*DT/DX 
C COMPUTATION OF PARAMETERS 
42 IF( I -NU ) 61 , 61 62 
61 AK=0 . 00 
GO TO 63 
62 AK=0. 00009518 5 
63 C ( I ) =AK/(G*W )*VL (I , J ) **SM/(HL( I , J )**SNP ) 
GM ( I ) =(GS-GW )*C ( I ) +GW 
PA ( I ) =AK* (GS-GW ) /( W*GM( I ) )  
PB ( I ) =AK /(G*P*W ) 
PC ( I ) =( �GS+( l . -P )*GW) /GM( I )  
FAI1= . 5* SN*PA( I )*VL( I , J )**SM/(HL ( I , J ) ** SNP )  
FAI2=VL( I , J )*G/YD( I , J )+PC ( I )*VL( I , J )* ( VL( I , J ) -YD( I , J ) ) / 
1 HL( I , J ) 
FAI 3=(YD( I , J ) -VL( I , J ) )* ( ( SN+l . ) *PB ( I ) *VL( I , J ) **SM/ 
1 ( HL ( I , J )**SNP ) -1 . )  
F�Il=--"G- . 5*SN*PA( I )*VL( I , J )**SN/(HL ( I , J ) ** SNP )  
FBI2=(YD( I , J ) -VL( I , J ) )* ( SN+l , )*PB ( I )*VL( I , J )**SM* 
1 (PC ( I ) *VL( I , J ) /HL( I , J ) -+G/YD( I , J ) ) /( HL ( I , J ) **SNP ) 
FAI ( I , J ) =(FAil+FAI 2 ) /FAI3  
FBI( I , J ) =(FBil+FBI2 ) /FAI3 
D( I , J ) =l ,+SM*PB( I ) *VL( I , J )** (SM-1 , ) /(HL ( I , J )** ( SNP-1 . ) )  
1 *FAI ( I , J ) 
E( I , J ) =( SN+l. )*PB ( I )*VL( I , J )**SM*FAI ( I , J ) /(HL( I , J )**SNP ) 
1 +FBI ( I , J ) 
F ( I , J ) =FAI ( I , J ) +FBI ( I , J ) -PC ( I )*VL( I , J ) /HL( I , J ) 
Q( I , J ) =BSlIBX* (PB ( I )*VL(I , J )** ( SM+l. ) /(HL ( I , J )** ( SNP-1 . ) )* 
1 FAI ( I , J ) +VL( I , J )*HL( I , J )*FBI ( I , J ) + . 5*G* 
2 HL ( I , J ) /SB ( I )  
IF ( I-NU)  65 , 65 , 66 
6 5  QS=0 , 00000453 
QM=QS 
GO TO 67 
66 QS=O . O  
QM=QS 
67 R( I , J ) =(GS*QS-GW* (QS-QM) )*VL( I , J ) /( SB ( I ) *HL( I , J )*  
1 GM( I ) ) -(QS*FAI ( I , J ) /P-QM*FBI ( I , J ) ) /SB ( I )  
TZERO=(GM( I ) *FN*FN*VL( I , J )*ABS(VL( I , J ) ) ) /(HL( I , J ) 
1 ** ( 1 . /3. ) )  
S( I , J ) =(G* ( S0-TZERO/(GM( I )*HL( I , J ) ) ) -Q( I , J ) -R(I , J ) )*DT+ 
1 D( I , J )*VL( I , J )+E( I , J )*HL( I , J ) +F ( I , J )*ZL( I , J ) 
43 CONTINUE 
C COMPUTATION OF INTERIOR POINTS 
DO 44 I=NUP , 99 
Dl=S( I , l ) *F ( I , 2 ) -S( I , 2 )*F ( I , 1 ) 
D2=E( I , 2 )*F ( I , 3) -E( I , 3)*F( I , 2 ) 
DJ=S( I , 2 )*F( I , 3) -S( I , 3 )*F( I , 2 ) 
D4=E( I , l )*F ( I , 2 ) -E( I , 2 )*F( I , 1 ) 
D5=D( I , l ) *F ( I , 2 ) -D( I , 2 )*F( I , 1 ) 
D6=D( I , 2 ) *F ( I , 3 ) -D( I , 3 )*F( I , 2 ) 
V ( I ) =(Dl*D2-D3*D4) /( D5*D2-D6*D4) 
H ( I ) = ( Dl-D 5*V ( I ) ) /D4 
44 Z ( I ) =( S ( I , 1 ) -D( I , l )*V ( I ) -E( I , l )*H( I ) ) /F( I , 1 ) 




SBl=SB ( NU )  
AK=0 , 000095185 
Z (NU ) =Z(NU) - ( DT/SB (NU )* (AK/(G*W )*V ( NUP )** ( SM+l . 0) /(H (NUP )** 
1 ( SNP-l . O) ) *SB (NU ) /DX-0 , 5* (QSP+QS) ) ) /P 
ST=F ( NU , 3 )*Z(NU ) -S(NU , 3) 
STM=ST*ST 
SQH=SQRT( STM-4 .*E (NU , J )*D(NU , J) *DQ) 
HUl=( -ST+SQH ) /( 2 .*E( NU , J) )  
HU2=( -ST-SQ.H ) /( 2 .*E (NU , 3) )  
IF ( HUl-HU2 ) 8 5 , 86 , 86 
86 
85 H ( NU ) ;.=HU2 
V(NU ) =DQ/H ( NU )  
GO  TO  87 
86 H ( NU ) =HUl 
V ( NU ) =DQ/H(NU )  
8?  HC=HEAD 
H ( lOO) = (D( lOO , l )* ( S( l00 , 2 ) -HC*F ( l00 , 2 ) ) -D ( l00 , 2 ) *  
1 ( S ( lOO , l ) -HC*F( l00 , 1) ) ) /( D( lOO , l ) * ( E( l00 , 2 ) 
2 -F( l00 , 2 ) ) -D( l00 , 2 ) * ( E( 100 , 1 ) -F( l00 , 1 ) ) )  
V ( lOO) = ( S ( l 00 , 2 ) -HC*F( l00 , 2 ) -(E( l00 , 2 ) -F( l00 , 2 ) ) * 
1 H ( lOO) ) /D( l00 , 2 ) 
Z ( lOO ) =HC-H( lOO) 
DO 45 I=NU , 100 
BEL ( I ) =EL( I )+Z ( I )  
45 TH ( I ) =H ( I )+Z ( I )  
IF ( IU/240-JA ) 13 , 11 , 13 
100 FORMAT( I 5) 
101 FORMAT( 8Fl0 . 3 ) 
102 FORMAT( 7F'l0 .4) 
103 FORMAT( 4F10 . 2 ) 
104 FORMAT( F15 . 9 , 2Fl0 . 5) 
105 FORMAT( l OF7 . 3) 
200 FORMAT( lHl , 6X , 3HNO . , lOX , 4HVEL . , lOX , 4HDEP . , 9X . 5HTDEP . 
1 , 9X , 5HSEDI . , 9X , .5HELEV . )  
202 FORMAT( 1H0 , 5X , 7HTIME = , F? . 2 , 2X , 8H MINUTES ) 
203 FORMAT( lH O ,  5X , 1 3 ,  2Fl5 . J , 3Fl 5 . 4) 
204 FORMAT( 1H0 , 26HDIVIDED BY ZERO TRY NEW P )  
205 FORMAT( lH O , lOX ,  JHPP= , E14 . 6 , 4HSUM= , El4 . 6 )  





LIST OF THE FORTRAN NOTATIONS USED IN APPENDIX I 




D ,  DQ, ,  DT , DX 
E ,  EL 
F ,  FAI , FBI , FN 
G , GM, GS, GW 
H ,  HL 
P ,  PA , PB , PC 
Q 
QM ,  QMP 
QS, QSP 
R 
s ,  SB , SM, SN , SNP ,  SO 
TZERO 
v , VL 
w 
YD 
z ,  ZL 
Equivalent N otations 




D1 , q ,  dt, dx 
E1 , 
z 
F1 , 'fl • \f2 • N 
g ,  Am' bs ' l'"w 
h ,  h1 
p, A ,  B ,  � 
Q1 
q at t=t · ,  m J 
q at s t=tj , 
R1 
4m at t=tj+l 
q5 at t=tj+l 
S1 , b ,  m ,  n ,  -n , 10 
To 
v , Vi 
w 
Ai 
z ,  zi 
FORTRAN N otations 


















Coefficients of characteristic 
equation 
River-bed elevation from 
the datum 
Real value corresponding 
to NDIL 
Assumed allowable error 
Reach length 
Steady flow depth at Station 88 
Integer ( for �ounting the number 
of times the computations are 
executed) 
Integer ( for the control of 
time interval in printing) 
Number of equal length intervals 
Number of stations between 
computed point and interpolation 
point 
Assumed initial value 
Time in seconds 
Elevation of water surface 
from the datum 
Time in minutes 
Maximum time period for which 
calculations are desired 
Steady flow velocity at 
Station 88 
Grid-mesh ratio , tO.X./4t 
90 
APPENDIX III 
COMPUTER PROGRAM FOR THE MODEL BASED ON 
TWO CHARACTERISTIC EQUATIONS 
91 
92 
C COMPUTER PRcx;RAM FOR THE MODEL BASED ON TWO CHARACTERISTIC EQS . 
C CLEAR WATER RELEASE FROl1 THE OAHE DAM 
DIMENSION V ( 100) , VR( lOO) , vs( 100) , VP( 100 ) , H ( lOO) , HR( lOO) , HS ( lOO) , 
1HP( 100 ) , c ( 100) , cz ( 100) , CZP( 100) , A( lOO) , CM( lOO) , CN ( lOO) , CG ( 100) , 
2Y1( 100) , Y2 ( 100) , E( 100) , F ( 100) , A1( 100 ) , A2( 100) , A3( 100) , B1 ( 100) , 
JB2( 100 ) , B3( 100) , Z ( 100) , ZP( 100) , ZSUBX( 100) , ZSUBXP (100) , TZ ( 100J , 
4TZP( 100 ) , CK( 100) , CHV ( l00) 
READ( ll , 100) FN , SO , SB , BSUBX 
READ( ll , 101 ) GW , QW 
READ( ll , 102 ) P , W , GS , QS 
READ( ll , 103) VO , HO , Q , HRP 
READ( ll , 104) G , SM , SN ,BK 
READ (ll , 105) FL , DT , TMAX 
READ( ll , 106 ) TT 
READ ( ll , 107 ) N , DX 
C STEADY STATE CALCULATIONS 






READ( ll , 108 ) (H (I ) , I=NU , 100) 
DO 2 II=NU , 100 
V( II ) =Q/( H( II )*SB ) 
DIFF=lOO-II 
CZ ( II ) =DIFF*SO*DX 
CZP( II ) =CZ ( II) 
Z ( II ) =0 . 0000 
TZ ( II ) =O . O  
2 ZSUBX ( II ) =-SO 
T=0 . 00 
IU=O 
JA=O 
WRITE( 12 , 200) 
3 TM=T/86400 . 00 
JA=JA+l 
DO 14 I=NU , 100 
14 WRITE( 12 , 201) TM , I , V( I) , H(I) , Z (I ) , CZ (I ) , TZ (I )  
4 T=T+T�DT 
IU=IU+l2 
IF ( T-TMAX ) 13 , 13 , 1  
1 3  DO 5 II=NU , 100 
IF ( II-NU ) 61 , 61 , 62 
61 C ( II ) =0 . 00 
GO TO 63  
62  C ( II) =AK*V ( II)**SM/( H( II )**SNP) 
63 PM=(PS-PW ) *C (II)+PW 
A ( II ) =( P*PS+ ( l .0-P)*PW ) /P� 
IF ( II-NU)  6 5 , 65 , 66 
65 QS=0 . 00000453 
QM=QS 
GO T0 �4 
66 QS=O . O  
QM=QS 
67 B=-V (II ) /(G*SB*H ( II ) ) * (PS-PW) /PM*(P*QM-QS )  
CM( II) =( SM+l . O) *C( II ) -P 
9J 
CN ( II ) =(SN+l . O) *C ( II ) -P 
CG( II ) =V( II ) /G* ( l . o+A(II )+H ( II )/2 . 0*(PS-PW) /PM* (SM*C( II ) ) /V(II ) 
CH=A(II ) *V( II ) *V( II ) /(G*H ( II ) )+ (SN*C( II ) ) /2 . 0*( PS-PW) /PM+l . O  
R=A(II )*V (II ) *CG( II ) /(G*H ( II ) ) -CH/G 
S=A( II)*SB*CM ( II ) /(G*H( II ) )+SB*CG ( II ) *CN ( II ) /( V ( II )*H ( II ) ) -SM*SB* 
lC( II) *CH/( V( II )*V( II ) ) -SB*CN ( II ) /(G*H ( II ) ) 
D=(SB*SB*CM( II ) *CN ( II ) -SM*SB*SB*C ( II )*CN ( II ) ) /( V( II ) *V( II ) *H ( II ) ) 
Yl( II ) = ( -S+SQRT( S*S-4 .0*R*D) ) /( 2. 0*R) 
Y2( II ) =( -S-SQRT( S*S-4 . 0*R*D) ) /( 2 . 0*R) 
E( II ) = ( C ( II ) -P)*BSUBX+(P*QM-QS ) /( V ( II ) *H ( II ) ) 
TZERO=(PM*G*lt,N*FN*V( II ) *ABS(V ( II ) ) )  /(H ( II )** ( l  . 0/3 . o) ) 
5 F ( II ) =B+( A ( II )*V (II ) *V ( II ) /(G*SB )+H ( II ) /( 2 . 0*SB ) )*BSUBX+ZSUBX( II )  
l+TZERO/(PM*G*H (II ) ) 
C INTERPOLATION 
DO 20 II=NUP , 100 
Xl=(SB*CM( II ) /V( II )+CG ( II) *Yl( II ) ) /(SM*C( II ) *SB/( V (II )*V(II) )+ 




UIR=DIR+l . O 
IF ( J -NU ) 21 , 21 , 22 
21 VR( II-l) =VO 
HR( II-l ) =HO 
GO TO 20 
22 VR( II-l ) =UIR*V (J ) -DIR*V(J-1) - ( V( J ) -V (J-l) )*Xl*TT*DT/DX 
HR( II-l) =UIR*H ( J ) -DIR*H (J-1) - ( H( J ) -H ( J-l) )*X l*TT*DT/DX 
20 CONTINUE 
DO 2 3  II=NU , 99 
X2=(SB*CM ( II ) /V ( II )+CG ( II )*Y2( II ) ) /( SM*C ( II )*SB/( V( II ) *V( II ) )+ 




UIS=l . 0-DIS 
IF ( K-NU ) 24 , 24 , 2 5  
24 VS( II+l ) =VO 
HS( II+l ) =HO 
GO TO 2J 
25  IF ( K-99 )  26 , 26 , 23 
26 IF ( X2 ) 27 , 40 , 40 
27 VS( II+l ) =UIS*V(K )+DIS*V (K+l )+ ( V( K) -V( K+l ) )*X2*TT*DT/DX 
HS( II+l) =UIS*H (K ) +DIS*H (K+l )+ (H ( K) -H ( K+l ) ) *X2*TT*DT/DX 
GO TO 41 
40 VS( II+l) = (DIS+l . O)*V(K) -DIS*V( K-1 ) -( V (K ) -V( K-1) ) *X2*TT*DT/DX 
HS( II+l) =(DIS+l . O)*H (K ) -DIS*H( K-1) - (H ( K) -H ( K-l ) ) *X2*TT*DT/DX 
41 ISV=II+l 
23  CONTINUE 
DO 8 II=NU , 100 
Al( II ) =SM*SB*C( II ) /(V( II )*V( II ) ) +Yl( II ) /G 
A2(II ) =SB*CN ( II ) /( V(II ) *H ( II ) ) +A ( II) *V (II ) /(G*H( II ) )*Yl( II) 
A3( II ) =F ( II ) *Yl(II) 
Bl( II ) =SM*SB*C( II ) /( V( II )*V( II ) )+Y2( II ) /G 
B2( II) =SB*CN ( II ) /( V( II )*H ( II ) )+A( II )*V(II ) /(G*H (II ) ) *Y2(II ) 
8 B3( II ) =F ( II )*Y2( II )  
C BOUNDARY CONDITIONS 
DQ=Q/SB 
ST=HS(NU+l)+ (Bl(NU)*VS(NU+l) -(E(NU )+B ;(NU ) )*T'fif'DT) /B2(NU )  
STM=ST'tf'ST 
SQH=SQRT( STM-4 . 0*Bl(NU )*DQ/B2(NU ) ) 
HUl=( ST+SQH ) /2. 0 
HU2=( ST-SQH) /2 . 0  
IF(HU1-HU2) 85 , 86 , 86 
85 HP(NU ) =HU2 
VP(NU) =DQ/HP(NU ) 
GO TO 87  
86  HP(NU ) =HUl 
VP(NU ) =DQ/HP(NU ) 
94 
87 HP( lOO) =HRP-CZP( lOO) 
VP( lOO) =(Al( lOO)*VR( 99) +A2( 100) * (HR( 99) -HP( 100) ) -( E( lOO) +A3( 100) ) 
l*TTitDT) /Al ( lOO) 
C COMPUTATION OF INTERIOR POINTS 
ISN=ISV-1 
DO 9 II=NUP, 99 
IF( II-ISV) 28 , 29 , 29 
28 VP(II ) =l . O/(B2(II)*Al( II ) -A2(II )*Bl( II ) ) * (B2( II )*Al( II ) *VR(II-1) 
l-A2( II )*Bl( II )*VS( II+l)+A2( II ) *B2(II ) *(HR( II-1 ) -HS( II+l) ) +A2( II )  
2*E(II ) -B2( II )*E( I I ) )*TT*DT+ (A2( II )*BJ( II ) -B2( II )*AJ( II ) )*TT*DT )  
HP( II ) =l . O/(A2( II )*Bl( II ) -B2(II ) *Al( II ) ) * (A2( II )*Bl ( II ) *HR( II-1 ) 
l-B2(II ) *Al ( II ) *HS( II+l)+Al ( II ) *Bl( II ) * ( VR( II-1) -VS( II+l) ) + (Al( II 
2 )*E( II ) -Bl( II)*E( II ) ) *TT*DT+(Al( II) *BJ( II) -Bl( II )*AJ( II ) )*TT*DT) 
L=II 
GO TO 9 
29 VP( II ) =J. O*VP( ISN ) -J . O*VP( ISN-l)+VP( ISN-2 )  
HP(II ) =J. O*HP( ISN ) -J. O*HP( ISN-l )+HP( ISN-2)  
ISN=ISN+l 
9 CONTINUE 
VPL=; . O-M-VP( 99) -J. O*VP( 98)+VP( 97) 
HPL=J. �HP( 99) -J. O*HP( 98 )+HP( 97) 
DIV=lOO-L 
RMUL=l. O 
IF (ISV-100)  31 , 32 , 32 
31 DO 30 II=ISV , 99 
VP( II ) =VP ( II ) +RMUL* ( VP( lOO) -VPL) /DIV 
HP( II ) =HP( II ) +RMUL*(HP( lOO) -HPL) /DIV 
30 RMUL=RMUL+l . O  
32 DO 10 II=NU , 99 
IF( II-NU)  90 ,90 , 91 





ZP( II) =- (�DT/SB* (AK*V ( II+l )** (SM+l .0 ) /( H ( II+l )** 
1 ( SNP-1 . 0) )*SB/DX-0 . 5* ( QSP+QS ) ) ) /P 
GO TO 10 






ZP( II ) =- (AK* (VP (II ) **SM/(HP(II )**( SNP-1 . 0 ) ) -V (II ) **SM/( H (II ) ** (  
lSNP-1 .0 ) ) ) +T'I'iE-DT/SB* (AK* ( ( V (II+l )** ( SM+l . O ) /( H( II+l )** ( SNP-1 . 0) )  
2-V ( II )** ( SM+l . O) /(H (II )** ( SNP-1 . 0) ) ) *SB/DX+ (SBl-SB) /DX*V (II ) ** 
3 (SM+1.o ) /( H ( II )** (SNP-1 . o ) ) ) -0 . 5* (QSP+QS) ) ) /P 
10 CONTINUE 
ZP( l00 ) =3 . Qif-ZP( 99) -3 .0*ZP ( 98 )+ZP( 97 )  
DO 15  II=NU , 100 
TZP( II ) =TZ (II ) +ZP( II )  
15  CZP(II ) =CZ ( II ) +ZP( II )  
DO 11 II=NUP , 99 
11 ZSUBXP (II ) =( CZ ( II+l ) +ZP(II+l ) -CZ ( II-1) -ZP (II-1 ) ) /( 2 , 0---DX ) 
ZSUBXP(NU ) = (CZ ( NUP )+ZP(NUP ) -CZ (NU ) -ZP (NU ) ) /DX 
ZSUBXP( lOO ) =(CZ( lOO)+ZP( 100 ) -CZ ( 99 ) -ZP( 99) ) /DX 
DO 12 II=NU , 100 
V ( II )=VP( II )  
H (II ) =HP( II )  
Z ( II ) =ZP( II ) 
CZ ( II ) =CZP( II )  
TZ ( II ) =TZP ( II )  
12 ZSUBX( II ) =ZSUBXP( II ) 
IF ( IU/7200-JA ) 4 , 3 , 4  
100 FORMAT( 4Fl0 , 5) 
101 FORMAT( 2Fl0 . 3) 
102 FORMAT( 4Fl0 .4) 
103 FOfillAT( 4It,10 .4) 
104 FORMAT( 3Fl0 . 3 , Fl3 , 9 )  
105 FORMAT( 2Fl0 . 2 ,Fl4 .2 )  
106 FORMAT(F5 . 1 )  
107 FOffivlAT ( I 5 , Fl 5 . 4) 
108 FORMAT( lOF? , 3) 
200 FORi'1AT( lHl , _5X , 62HVELOCITIES , STAGES ,  DEPOSITION , AND ELEVATIONS 
lALONG THE REACH/1H0 , 8X ,  75H TIME= I-= V= 
2 H= Z=  ELEV . = DEPOSIT= )  





LIST OF THE NOTATIONS USED IN APPENDIX III 
FORTRAN N otation 
A ,  Al ,A2 ,  AJ 
AK 
B ,  Bl , B2 , BJ 
BK, BSUBX 
C ,  00 ,  CH , CM , CN 
CZ 
CZP 
DT , DX 
E ,  F 
G ,  GS , GW 
H ,  HP , HR , HS 






SB , SBl , SM , 
v ,  VP ,  





VR ,  vs 
Y2 
SN '  SNP 
Equivalent Notations 
From the Text 
B*, B 1, B2, B 3  
k ,  bx 
c ,  G* , H*, M* , N*  
z at t -= t • J 
z at t • tj+l 
At , /lX 
E* , F* 
g , "rs • ow 
h , hp , hR , hs 
p , fm• is ' 5'w 
q ,  
qm at t = t .  J 
qm at t = tj+l 
qs at t = t .  
qs at t = tj+l 
bi_ ,  C>j_+1 • m ,  n ,  -n 
v, Vp , vR , 
Vg 
w, c/>i , <f>2 
z at t = t •  J 
z at t = t
j+l 
Zx at t = t ·  J 
Zx at t = tj+l 
97 
FORTRAN N otation 






















Coefficients used to determine 
4'i and 4'2 
Difference 
98 
Indicates closest number of stations 
to interpolating point R 
Indicates closest number of stations 
to interpolating point S 
Divider 
Reach length 
Manning' s  roughness coefficient 
Extrapolated value of h 
Initial downstream water depth 
Steady flow depth at Station 88 
Station number 
Integer (for counting the number of 
times the computations are executed) 
Integer (for the control of time 
interval in printing) 
Integer ( number of equal length 
intervals) 
Integer corresponding to DIR 
Integer corresponding to DIS 
Multiplier 
Original fixed bed slope 
Time in seconds 











Maximum time period for wh ich 
calculations are desired 
Total sediment deposit at t = tj 
Total sediment deposit at t = tj+l 
Steady flow velocity at Station 88 
Extrapolated value of v 
AX/ At for <f>i 
AX/At for <P2 
